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(54) Method and apparatus for computing floating point data

(57) A method and an apparatus for computing the
floating point data which is used in a central processing
unit and so on for a digital computer, and especially for
effecting four fundamental rules of arithmetics of the
floating point data and the rounding and the normalizing
computation, and wherein at the case of the addition,
subtraction, the mantissa portion of the two floating
point data and the generated round addition values are
added to an adder, and, at the case of the multiplication,
the sum output and the carry output of the multiplying

unit, and the generated round addition values are added
to the adder so as to correct the least significant bit of
the output of the adder or the round addition value is
again added, whereby, in order to provide the necessity
of reoperation for round becoming small, the average
processing step numbers because small in comporison
with the conventional, and, as the mantissa operation
and round are practised by the same adder at the same
time, the increasing of handwares are extreamly small.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention generally relates to a
method and an apparatus for computing floating point
data which are used in the central processing units and
so on of the digital computers, and more particularly, are
adapted to effect the four fundamental rules of
arithemetics computation of the floating point data, fur-
ther, the four fundamental rules of arithmetics computa-
tion of the floating point data, rounding and normalizing
computation in accordance with ANSI/IEEE Standard
for Binary Floating Point Arithmetic P754.
[0002] The conventional adding apparatus of the float-
ing point data is shown in the block diagram of Fig. 24.
The adding operation shows the addition which is
effected with respect to the mantissa data at the sub-
traction time of different signs or at the addition time of
the same signs. The subtraction shows the subtraction
which is effected with respect to the mantissa data at
the addition of the different signs or the subtraction of
the same signs. The addition or subtraction is decided
prior to the operation by the type of the signs of the input
data and the instructions. Referring now to the same
drawing, reference numeral 151 is a register wherein a
mantissa which is not smaller in index from two floating-
point data is accommodated, reference numeral 152 is
a resister wherein a mantissa which is smaller in expo-
nent from two floating-point data is aligned in unit to the
exponent not smaller and is accommodated, reference
numeral 153 is a complementer which takes 1's comple-
ment of the output of the register 152 at the subtraction
time, reference numeral 154 is an adder which executes
the addition with the carry input (Cin) into the least sig-
nificant bit being 0 at the addition time with the outputs
of the register 151 and the complementer 153 being
inputs, executes the subtraction with the carry input
(Cin) being 1 at the subtraction time, reference numeral
155 being a register for accommodating the output of
the adder 154, reference neutral 156 is a shift number
generating circuit for generating shift numbers for the
normalization of the output of the adder 154, reference
numeral 157 is a barrel shifter which is adapted to shift
by bit number the shift number generating circuit 156
shows with respect to the output of the register 155 for
the normalization, reference numeral 158 is a register
for accommodating the output of the barrel shifter 157,
reference numeral 159 is a round value generating cir-
cuit which is adapted to decide the existence of the
round addition in accordance with the value retained in
the register 158, the round mode and the round preci-
sion, to generate the round addition value with the least
significant bit (L) corresponding to the round precision
being 1, the other bits being 0 when rounding up by the
rounding, to generate the round addion value with all
the bits being 0 when rounding down by the rounding,
reference numeral 160 is an adder for adding the output

of the register 158 and the output of the round value
generating circuit 159, reference numeral 161 is a R1
shifter for shifting by 1 bit the output of the adder 160 in
the least significant bit direction (hereinafter referred to
as right), reference numeral 162 is a register for accom-
modating the mantissa of the addition, subtraction result
to be obtained by the output of the R1 shifter 161.

[0003] The conventional addition, subtraction appara-
tus of the floating point data constructed as constructed
hereinabove will be described hereinafter in its opera-
tion.
[0004] First, a case where the augend, the minuend
and the addend, the subtrahend are the basic single
precision format by ANSI/IEEE Standard for Binary
Floating-Point Arithmetic P754 (hereinafter referred to
as single precision), and the sumor difference is also
rounded in single precision.

(1) Before Processing Step Start

[0005] A mantissa which is not smaller in exponent out
of the augend, the minuend and the addend, the subtra-
hend is accommodated in the register 151. A mantissa
which is smaller in exponent out of the augend, the min-
uend and the addend, the subtrahend is aligned in unit
to the exponent that is not smaller is accommodated in
the register 152. The bits which have been taken down
at the alignment are accommodated, in the register 152,
collectively as a round bit (R) having the weight of 2-24

in the bit lower by one unit of the least significant bit (L)
and a sticky bit (S) which is the logical or of the bits of
the bit or lower having the weight of 2-25.

(2) Step 1

[0006] The complememter 153 and the adder 154
add, subtract two mantissas retained in the register 151
and the register 152 so as to accommodate the result in
the register 155. At the adding time, the complementer
153 outputs, into the adder 154, the output of the regis-
ter 152 as it is so as to make zero the Cin of the adder
154. At the subtracting time, the complementer 153
takes 1's complement of the output of the register 152
so as to output it into the adder 154 and make one the
Cin.

(3) Step 2

[0007] The shift number generating circuit 156 gener-
ates the shift number for normalization of the output of
the adder 154. The barrel shifter 157 effects the shifting
of the output of the register 155 in accordance with the
output of the shift number generating circuit 156 so as to
effect the normalization shifting operation with respect
to the computation result of the step 1. At this time, the
barrel shifter 157 generates the shift results down to the
least significant bit (L), the round bit (R) having the
weight of the 2-24 lower by one unit of the least signifi-

1 2

5

10

15

20

25

30

35

40

45

50

55



EP 0 973 089 A2

3

cant bit, a sticky bit (S) which is the logical or of the bits
of the bit or lower having the weight of 2-25 and accom-
modates them in the register 158.

(4) Step 3

[0008] The round value generating circuit 159 gener-
ates the round addition value with the least significant
bit (L) retained in the register 158, the round bit (R), the
sticky bit (S), the round mode and the round precision
and the sign of the operation result. The round addition
value to be generated has a value with the bit having the
weight of 2-23 being 1, the other bits being 0 when the
round addition signal is 1, a round value with the all the
bits being made 0 when the round addition signal is 0, in
accordance with the input, output relation chart shown
in Fig. 11. RM, RP, RN, RZ show in order the directed
rounding toward minus, the directed rounding toward
plus, the rounding to nearest even in the round mode
stipulated in the ANSI/IEEE Standard for Binary Float-
ing-Point Arithmetic P754. The adder 160 adds the out-
put of the register 158 and the output of the round value
generating circuit 159. The R1 shifter 161 shifts, by one
bit to right, the output of the adder 160 when the over-
flow has been generated in the adder 160, in the other
case, accommodates the output of the adder 160 as it is
in the register 162 so as to complete the processing.

A case where the augend, the minuend and the addend,
the subtrahend are the basic double precision format by
ANSI/IEEE Standard for Binary Floating-Point Arithme-
tic P754 (hereinafter referred to simply as double preci-
sion), and the sum or difference is also rounded in
double precision.

(1) Before Processing Step Start

[0009] A mantissa which is not smaller in exponent of
the augend, the minuend and the addend, the subtra-
hend is accommodated in the register 151. A mantissa
which is smaller in index out of the augend, the minuend
and the addend, the subtrahend and is aligned in unit to
the exnonent that is not smaller, is accommodated in
the register 152. The bits which have been taken down
at the alignment are accommodated in the register 152
collectively as a round bit (R) having the weight of 2-53

of the bit lower by one unit of the least significant bit (L)
and a sticky bit (S) which is the logical or of the bits of
the bit or lower of having the weight of 2-54.

(2) Step 1

[0010] The complementer 153 and the adder 154 add,
subtract two mantissas retained in the register 151 and
the register 152 so as to accommodate the result in the
register 155. At the adding time, the complementer 153
outputs into the adder 154 the output of the register 152
as it is so as to make the Cin of the adder 154 zero. At

the subtracting time, the complementer 153 takes 1's
complement of the output of the register 152 so as to
output it into the adder 154 and make one turning the
Cin.

(3) Step 2

[0011] The shift number generating circuit 156 gener-
ates the shift number for normalization of the output of
the adder 154. The barrel shift 157 effects the shifting of
the output of the register 155 in accordance with the
output of the shift number generating circuit 156 so as to
effect the normalization shifting operation with respect
to the operation result of the step 1. At this time, the bar-
rel shifter 157 generates the shift results down to the
least significant bit (L), the round bit (R) having the
weight of the 2-53 lower by one unit of the least signifi-
cant bit, a sticky bit (S) which is the logical or of the bits
of the bit or lower having the weight of 2-54 and accom-
modates them in the register 158.

(4) Step 3

[0012] The round value generating circuit 159 gener-
ates the round addition value with the least significant
bit (L) retained in the register 158, the round bit (R), the
sticky bit (S), the round mode, the round precision and
the sign of the operation result. The round addition
value to be generated has a value with a bit having the
weight of 2-52 being 1, the other bit being 0 when the
round addition signal is 1, a round value with all the bits
being 0 when the round addition signal is 0, in accord-
ance with the input, output relation chart shown in Fig.
11. The adder 160 adds the output of the register 158
and the output of the round value generating circuit 159.
The R1 shifter 161 shifts by one bit to right the output of
the adder 160 when the overflow has been generated in
the adder, in the other case, accommodates the output
of the adder 160 as it is in the register 162 so as to com-
plete the processing.
[0013] The conventional multiplication apparatus for
the floating point data is shown in the block diagram of
Fig. 25. In Fig. 25, reference numeral 251 is a multipli-
cand register for retaining the multiplicand, consisting of
a sign portion 251s of one bit, an exponent portion 251e
of 11 bits, a mantissa portion 251f of 53 bits. Reference
numeral 252 is a multiplier register for retaining the mul-
tipliers, consisting of a sign portion 251s of 1 bit, an
exponent portion 252e of 11 bit, a mantissa portion 252f
of 53 bits. The most significant bits of the multiplicand
register mantissa portion 251f or the multiplier register
mantissa portion 252f is so-called "hidden bit" each hav-
ing the weight of 20, is 1 in the normalized number.
Except for this bit, the multiplicand register 251 and the
multiplier register 252 both conform in the double preci-
sion format. Reference numeral 253 is a sign generating
circuit for reading the signs of the multiplicand and mul-
tiplier from the multiplicand register sign portion 251s
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and the multiplier register sign portion 252s so as to
generate the sign of the product, reference numeral 254
is an exponent adder of 11 bits for reading the expo-
nents of the multiplicand and the multiplier from the mul-
tiplicand register exponent portion 251e and the
multiplier register exponent portion 252e so as to com-
pute the exponent of the product, reference numerals
255, 256 are selectors of 11 bits for respectively select-
ing two inputs of the exponent adder 254, reference
numeral 257 is a latch of 11 bits for retaining the output
of the exponent adder 254 so as to input it into the expo-
nent adder 254 again through the selector 255, refer-
ence numeral 258 is a bias correction value generating
circuit for generating the bias (deviation) of 11 bits in a
step of computing the exponent of the product, refer-
ence numeral 259 is a normalized correction value gen-
erating circuit for generating the constant of increasing
by 1 the exponent through the normalization of 1 bit shift
of the mantissa of the product, reference numeral 260 is
a multiplicand upper, lower selecting circuit for reading
the the multiplicand register mantissa portion 251f,
selecting the upper 27 bits or the lower 27 bits (the most
significant bit at this time is 0) so as to output it, refer-
ence numeral 261 is a multiplier upper, lower selecting
circuit for reading the multiplier resister mantissa portion
252f and selecting the upper 27 bits or the lower 27 bits
(the most significant bit at this time is zero) so as to out-
put it, reference numeral 262 is a multiplying unit for
multiplying the output of the multiplicand upper, lower
selecting circuit 260 of 27 bits by the output of the multi-
plier upper, lower selecting circuit 261 of 27 bits so as to
respectively output the sum of 54 bits and the carry of
54 bit, reference numerals 263, 264 are latches of 54
bits for retaining the sum output and the carry output of
the multiplying unit 262, reference numeral 265 is a
product generating adder of 54 bits for adding the sum
output and carry output of the multiplying unit 262
retained in the latch 263 and the latch 264, reference
numeral 266 is a latch of 54 bits for retaining the output
of the product generating adder 265, reference numeral
267 is a round adding value generating circuit for gener-
ating the constant in the adding operation for rounding
the mantissa of the product into the single precision or
the double precision, reference numeral 268 is a selec-
tor of 54 bits for selecting the output of the round addi-
tion value generating circuit 267 and the value of the
latch 266, reference numeral 269 is a mantissa adder of
54 bits for adding the output of the selector 268 and the
value to be retained in the latch 273 to be described
later, reference numeral 270 is a logical or gate for com-
puting the logical or of the overflow from the most signif-
icant bit of the product generating adder 265 and the
overflow from the most significant bit of the mantissa
adder 269, reference numeral 271 is a shifter of 54 bits
for shifting by 0 bit, 1 bit or 26 bits the output of the man-
tissa adder 269 in the least significant bit direction, ref-
erence numeral 272 is a sticky bit generating circuit for
inputting the lower 30 bits of the output of the mantissa

adder 269 and the shift overflow from the least signifi-
cant bit of the 26 bits in the shifter 271 so as to generate
the sticky bit in accordance with the single precision or
double precision in the round precision, reference
numeral 273 is a latch of 54 bits for retaining the output
of the shifter 271, reference numeral 274 is a product
register for retaining the product, consisting of a sign
portion 274s of 1 bit, an exponent portion 274e of 11
bits, a mantissa portion 274f of 53 bits. The most signif-
icant bit of the product register mantissa portion 274f is
also so-called "hidden bit" having the weight of 20, is 1
in the normalized number. Except for this bit, the prod-
uct register 274 conforms to the double precision for-
mat. Fig. 26 is a performance illustrating chart showing
the constant the round addition value generating circuit
267 shown in Fig. 25 generates, a round addition value
D is generated with only the 24th bit from the most sig-
nificant bit being 1, the others being 0, a round addition
value E is generated with only the 2nd bit from the least
significant bit being 1, the others being 0.

[0014] The conventional multiplying apparatus of the
floating point data constructed as described herein-
above will be described hereinafter in its operation.
[0015] First, a case where the multiplicand and the
multiplier are the single precision and the product is also
rounded in the single precision will be described herein-
after with the use of the operation flow chart of the sin-
gle precision multiplication shown in Fig. 27. Fig. 27
shows the contents of the operation of each of the
processing steps of the exponent adder 254, the multi-
plying unit 262, the product generating adder 265, the
mantissa adder 269, the shifter 271.

(1) Before Processing Step Start

[0016] The multiplicand and the multiplier of the single
precision are expanded into the double precision and
are accommodated respectively into the multiplicand
register 251 and the multiplier register 252. At this time,
the multiplicand register exponent portion 251e and the
multiplier register exponent portion 252e are both con-
verted into the biased expression of the double preci-
sion (real exponent value = exponent value - 1023(10)),
with 0 being filled in the lower 29 bits of the multiplicand
register mantissa portion 251f and the multiplier register
mantissa portion 252f. The latch 273 is cleared into 0.
Here the (10) shows the decimal number expression in
numerical value.

(2) Step 1

[0017] By the selector 255 and the selector 256, the
exponents of the multiplicand and the multiplier are
inputted from the multiplicand register exponent portion
251e and the multiplier register exponent portion 252e
into the exponent adder 254 and are added so as to
accommodate the addition result into the latch 257. The
multiplicand upper, lower selecting circuit 260 reads,
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outputs the upper 27 bits of the multiplicand register
mantissa portion 251f (all the effective bits of the man-
tissa portion of the multiplicand are included in it), the
multiplier upper, lower selecting circuit 261 reads, out-
puts the upper 27 bits of the multiplier register mantissa
portion 252f (all the effective bits of the mantissa portion
of the multiplier are included in it). The multiplier 262
executes the multiplication in accordance with the
inputs from the multiplicand upper, lower selecting cir-
cuit 260 and the multiplier upper, lower selecting circuit
261 so as to accommodate the sum output and the
carry output respectively into the latch 263 and the latch
264. At the same time, in the sign generating circuit 253,
the signs of the multiplicand and the multiplier are read
from the multiplicand register sign portion 251s and the
multiplier register sign portion 252s so as to take the
exclusive or of both, and to generate the sign of the
product so as to accommodate it into the product regis-
ter sign portion 724s.

(3) Step 2

[0018] As the value the latch 257 retains is the sum of
the biased exponents of the multiplicand and the multi-
plier, the biasing is doubly applied. Therefore, -1023
(actually 2's complement expression is used) from the
bias correction value generating circuit 258 is outputted.
By the selector 255 and the selector 256, the value of
the latch 257 and the output of the bias correction value
generating circuit 258 in the exponent adder 254 are
added and are accommodated again into the latch 257.
The product generating adder 265 adds the sum output
and the carry output of the multiplying unit 262 retained
in the latch 263 and the latch 264 are added so as to
accommodate the addition result into the latch 266.

(4) Step 3

[0019] The mantissa adder 269 adds the value
retained in the latch 266 and the value 0 of the latch 273
by the selector 268. When the overflow from the product
generating adder 265 exists at the step 2, namely, when
the product of the mantissa is 2 or more, the shifter 271
shifts (at this time, 1 is buried at the most significant bit),
in the 1 bit least significant bit direction, the output from
the mantissa adder 269 for normalization so as to
accommodate the result into the latch 273. By the selec-
tor 255 and the selector 256, the exponent adder 254
adds the value of the latch 257 and the constant 1 the
normalized correction value generating circuit 259 out-
puts so as to accommodate it again into the latch 257.
When the overflow from the product generating adder
265 at the step 2 does not exist, namely, when the prod-
uct of the mantissa portion is 1 or more, less than 2, the
shifter 271 accommodate it as it is into the latch 273
without shifting of the output from the mantissa adder
269, because the normalization is not required to effect.
By the selector 255 and the selector 256, the exponent

adder 254 outputs the value of the latch 257 as it is and
accommodates it again into the latch 257. The sticky bit
generating circuit 272 takes the logical or of the lower 30
bits of the output of the mantissa adder 269 so as to
make 1 the sticky bit output if the bit of the value 1 exists
in the 30 bits, makes zero the sticky bit output if the full
bit of the 30 bits is 0 at value.

(5) Step 4

[0020] Round addition value generating circuit 267
decides the requirement of the round addition by the
rounding mode, the value of the 25th bit from the most
significant bit which is a round bit of the value retained
in the latch 273, the sign of the product the sign gener-
ating circuit 253 outputs (necessary when the round
mode is a round toward plus mode and a round toward
minus mode) and the value of the sticky bit the stickyy
bit generating circuit 272 outputs, outputs the round
addition value D shown in Fig. 26 when the round addi-
tion is necessary, and outputs 0 when the round addi-
tion is not necessary. By the selector 268, the mantissa
adder 269 adds the round addition value the round addi-
tion value generating circuit 267 outputs, and a value
retained in the latch 273 retains. At this time, when the
overflow is caused in the mantissa adder 269, namely,
the mantissa is 2 or more by rounding up, the shifter 271
shifts by 1 bit in the least significant bit direction the out-
put from the mantissa adder 269 again for normalization
(at this time, 1 is buried at the most significant bit). By
the the selector 255 and the selector 256, the exponent
adder 254 adds the value of the latch 257 and the con-
stant 1 the normalized correction value generating cir-
cuit 259. When the overflowing is not caused in the
mantissa adder 269, namely, the mantissa value is 1 or
more, less than 2, the shifter 271 outputs the output, as
it is, from the mantissa adder 269 without shifting as it is
not necessary to effect the normalization. By the selec-
tor 255 and the selector 256, the exponent adder 254
also outputs the value, as it is, of the latch 257. In any
case, the output of the exponent adder 254 is accom-
modated into the product register exponent portion
274e, the lower 29 bits of the 53 bits except for the least
significant bit of the output of the shifter 271 are masked
into 0, are accommodated in the product register man-
tissa portion 274f so as to complete the processing.
[0021] Then, a case where the multiplicand and the
multiplier are the double precision and the product is
also rounded in the double precision will be described
with the use of the operation flow chart of the double
precision multiplication shown in Fig. 28. Fig. 28 also
shows the contents of the operations of each process-
ing step of the exponent adder 254, the multipling unit
262, the product generating adder 265, the mantissa
adder 269, the shifter 271.
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(1) Before Processing Step Start

[0022] The multiplicand and the multiplier in double
precision are respectively accommodated in the multi-
plicand register 251 and the multiplier register 252. At
this time, the multiplicand register exponent portion
251e and the multiplier register exponent portion 252e
are both converted into the biased expression of the
double precision (real exponent value = exponent value
-1023(10)). The latch 273 is cleared into 0.

(2) Step 1

[0023] By the selector 255 and the selector 256, the
exponents of the multiplicand and the multiplier are
inputted from the multiplicand register exponent portion
251e and the multiplier register exponent portion 252e
into the exponent adder 254 and are added so as to
accommodate the addition result into the latch 257. The
multiplicand upper, lower selecting circuit 260 reads,
outputs the lower 27 bits (the most significant bit is 0) of
the multiplicand register mantissa portion 251f, the mul-
tiplier upper, lower selecting circuit 261 reads, outputs
the lower 27 bits (the most significant bit is 0) of the mul-
tiplier register mantissa portion 252f. The multipling unit
262 executes the multiplication in accordance with the
inputs from the multiplicand upper, lower selecting cir-
cuit 260 and the multiplier upper, lower selecting circuit
261 so as to accommodate the sum output and the
carry output respectively into the latch 263 and the latch
264. At the same time, in the sign generating circuit 253,
the signs of the multiplicand and the multiplier are read
from the multiplicand register sign portion 251s and the
multiplier register sign portion 252s to take the exclusive
or of both, and to generate the sign of the product so as
to accommodate it into the product register sign portion
724s.

(3) Step 2

[0024] As the value the latch 257 retains is the sum of
the biased exponents of the multiplicand and the multi-
plier, the biasing is doubly applied. Therefore, -1023
(actually 2's complement expression is used) from the
bias correction value generating circuit 258 is outputted.
By the selector 255 and the selector 256, the value of
the latch 257 and the output of the bias correction value
generating circuit 258 in the exponent adder 254 are
added and are accommodated again into the latch 257.
The product generating adder 265 adds the sum output
and the carry output of the multiplying unit 262 retained
in the latch 263 and the latch 264 so as to accommo-
date the addition results into the latch 266. The value
accommodated in the latch 266 is the least significant
partial product. At the same time, the multiplicand
upper, lower selecting circuit 260 reads, outputs the
lower 27 bits (the most significant bit is 0) of the multipli-
cand register mantissa portion 251f. The multiplier

upper, lower selecting circuit 261 reads, outputs the
upper 27 bits of the multiplier register mantissa portion
252f. The multiplying unit 262 executes the multiplica-
tion in accordance with the inputs from the multiplicand
upper, lower selecting circuit 260 and the multiplier
upper, lower selecting circuit 261 so as to accommodate
the sun output and the carry output respectively into the
latch 263 and the latch 264.

(4) Step 3

[0025] The mantissa adder 269 adds the value
retained in the latch 266 and the value 0 of the latch 273
by the selector 268. The shifter 271 shifts by 26 bits in
the least significant bit direction the data of 55 bits which
consists of 54 bits of the addition result in the mantissa
adder 269 and 1 bit being added onto the most signifi-
cant bit side, where the logical or of the overflow from
the product generating adder 265 at the step 2, and the
overflow from the mantissa adder 269 at the step 3 was
taken in the "or" gate 270, so as to accommodate the
result into the altch 273. The product generating adder
265 adds the sum output and the carry output of the
multiplying unit 262 retained in the latch 263 and the
latch 264 so as to accommodate the addition result. The
value accommodated in the latch 266 is a first interme-
diate partial product. At the same time, the multiplicand
upper, lower selecting circuit 260 reads, outputs the
upper 27 bits of the multiplicand register mantissa por-
tion 252f, and the multiplier upper, lower selecting circuit
261 reads, outputs the lower 27 bits (the most signifi-
cant bit is 0) of the multiplier register mantissa portion
252f. The multiplying unit 262 executes the multiplica-
tion in accordance with the inputs from the multiplicand
upper, lower selecting circuit 260 and the multiplier
upper, lower selecting circuit 261 so as to accommodate
the sun output and the carry output respectively into the
latch 263 and the latch 264.

(5) Step 4

[0026] The mantissa adder 269 adds the value
retained in the latch 266 and the output of the shifter
271 retained in the latch 273 by the selector 268. The
shifter 271 outputs, without shifting, 54 bits of the addi-
tion result, as it is, in the mantissa adder 269 so as to
accommodate it in the latch 273. The product generat-
ing adder 265 adds the sum output of the multiplying
unit 262 retained in the latch 263 and the latch 264, and
the carry output so as to accommodate the addition
result. The value of accommodated in the latch 266 is a
second intermediate partial product. At the same time,
the multiplicand upper, lower selecting circuit 260 reads,
outputs the upper 27 bits of the multiplicand register
mantissa portion 251f, the multiplier upper, lower select-
ing circuit 261 reads, outputs the upper 27 bits of the
multiplier register mantissa portion 252f. The multiplying
unit 262 executes the multiplication in accordance with
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the inputs from the multiplicand upper, lower selecting
circuit 260 and the multiplier upper, lower selecting cir-
cuit 261 so as to accommodate the sun output and the
carry output respectively in the latch 263 and the latch
264.

(6) Step 5

[0027] The mantissa adder 269 adds the value
retained in the latch 266 and the output of the shifter 27I
retained in the latch 273 by the selector 268. The shifter
271 shifts by 26 bits in the least significant bit direction
the data of 55 bits, which consists of 54 bits of the addi-
tion result in the mantissa adder 269 and 1 bit being
added onto the most significant bit side, where the logi-
cal or of the overflow from the product generating adder
265 at the step 4 and the overflow from the mantissa
adder 269 at the step 5 is taken in the "or" gate 270, so
as to accommodate the result into the altch 273. The
product generating adder 265 adds the the sum output
and carry output of the multiplying unit 262 retained in
the latch 263 and the latch 264 so as to accommodate
the addition result. The value accommodated in the
latch 266 is the most significant partial product.

(7) Step 6

[0028] The mantissa adder 269 adds the value
retained in the latch 266 and the output of the shift 271
retained in the latch 273 by the selector 268. When the
logical or of the overflow from the product generating
adder 265 at the step 5 and the overflow from the man-
tissa adder 269 at the step 6 being taken at the logical
or gate 270 are 1, namely, the product of the mantissa
portion is 2 or more, the shifter 271 shifts the output
from the mantissa adder 269 (at this time, 1 is buried in
the most significant bit) by 1 bit in the least significant bit
direction so as to accommodate the result in the latch
273. The exponent adder 254 adds the value of the
latch 257 and the constant 1 the normalized correction
value generating circuit 259 outputs by the selector 255
and the elector 256 so as to accommodate it again into
the latch 257. When the value with the logical or being
taken in the logical or gate 270 is 0, namely, the product
of the mantissa portion is 1 or more, less than 2, the out-
put from the mantissa adder 269 is accommodated as it
is into the latch 273 without shifting as the normalization
is not necessary to be effected. The exponent adder
254 outputs the value of the latch 257 as it is by the
selector 255 and the selector 256 so as to accommo-
date it again into the latch 257. The sticky bit generating
circuit 272 takes the logical or of 52 bits with the shift
overflow from the least significant bit of 26 bits in the
shifter 271 at the step 3 and the shift overflow from the
least significant bit of 26 bits in the shifter 271 at the
step 5 being combined in it. The sticky bit output is
made 1 if a bit of 1 in value exists in the 52 bits, and the
sticky bit output is made 0 if all the bits of 52 bits are 0

in value.

(8) Step 7

[0029] The round addition value generating circuit 267
decides the requirement by the rounding mode, the
value of the least significant bit which is the round bit of
the value retained in the latch 273, the sign of the prod-
uct the sign generating circuit 253 outputs (necessary
when the round mode is a round toward plus mode and
a round toward minus mode) and the value of the sticky
bit the sticky bit generating circuit 272 outputs, outputs
the round addition value E shown in Fig. 26 when the
round adition is necesary, and ouputs 0 when the round
addition is not necessary. By the selector 268, the man-
tissa 269 adds the round addition value the round addi-
tion value generating circuit 267 outputs by the selector
268, and the value the latch 273 retains. At this time,
when the overflow is caused in the mantissa adder 269,
namely, the mantissa is 2 or more by the rounding up,
the shifter 271 shifts by 1 bit in the least significant bit
direction the output from the mantissa adder 269 again
for normalization (at this time, 1 is buried at the most
significant bit). By the selector 255 and the selector 256,
the exponent adder 254 adds the value of the latch 257
and the constant 1 the normalized correction value gen-
erating circuit 259. When the overflowing is not caused
in the mantissa adder 269, namely, the mantissa is 1 or
more, less than 2, the shifter 1 outputs the value, as it is,
the output from the mantissa adder 269 without shifting,
as it is not necessary to effect the normalization. By the
selector 255 and the selector 256, the exponent adder
254 also outputs the value, as it is, of the latch 257. In
any case, the output of the exponent adder 254 is
accommodated into the product register exponent por-
tion 274e, the 53 bits, except for the least significant bit
of the output of the shifter 271, is accommodated in the
product register mantissa portion 274f so as to com-
plete the processing.
[0030] Also, in the division conventional apparatus of
the floating point data, at first, the value of the exponent
portion of the divisor is subtracted from the value of the
exponent portion of the dividend so as to obtain the
exponent portion of a quotient. As the subtraction val-
ues are the difference between the biased exponents,
the bias is offset. Therefore, the bias value is added to
the subtraction value so as to generate the exponent
portion of the quotient correctly biased.
[0031] But in the conventinoal addition and subtraction
apparatus of the floating point data, the position of the
least significant bit (L) for adding the round addition
value is fixed for the first time after the normalization
shift by the barrel shifter 157, not fixed with respect to
the input, output in the adder 154, thus normally result-
ing in the flowing of the processing of addition or sub-
traction, normalization, rounding. Therefore, the
addition and subtraction of two mantissas and the addi-
tion of the round addition value are required to be
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respectively effected independently. At least tour steps
of processing steps in number including the alignment
are required as shown in Fig. 8 (a). Also, as the addition,
subtraction of the former are effected by the adder 154,
and the addition of the latter is effected by the adder
160, two adders are required. A problem point of
increasing the number of the hardwares is provided.

[0032] In the conventional multiplication apparatus of
the floating point data, the addition of the sum and the
carry from the multiplying unit 262, the addition for accu-
mulating the partial products, and the addition of the
round addition values are respectively effected inde-
pendently, four steps are required in the number of the
processing steps in the case of the single precision mul-
tiplication, and seven steps in the case of the double
precision multiplication. Also, the addition of one former
is effected with the product generating adder 265, and
the addition of the two latters are effected by the man-
tissa adder 269, thus requiring two adders, with a prob-
lem that the hardwares are increased in number.
[0033] Also, in the conventional division apparatus of
the floating point data, first, the subtraction value for
simply subtracting the exponent portion of the dividend
and the exponent portion of the divisor is offset in bias,
later the step of correcting the bias becomes necessary,
with a problem that the hardware for the bias correction
increases.

SUMMARY OF THE INVENTION

[0034] Accordingly, an essential object of the present
invention is to provide a method and an apparatus for
the addition and subtraction of floating point data which
is capable of mantissa addition, subtraction and the
round addition value addition simultaneously within the
same adder, and is less in the number of the processing
steps necessary to get the mantissa portion of the sun
and difference in the floating point data rounded with the
specified round mode and the round precision, and is
less in hardware as compared with the addition and
subtraction apparatus of the conventional floating point
data.
[0035] In accomplishing these and other objects,
according to one preferred embodiment of the present
invention, a first invention is an addition and subtraction
method of floating point data which effects simultane-
ously the addition of the first, second mantissas aligned
to the same exponent, and the addition of the above
described addition result and the round addition value
determined uniformly with the round precision, the
round mode and the computation result sign when the
operation is the real mantissa addition which is an addi-
tion of the same sign in the floating point data or a sub-
traction of the different sign, effects simultaneously the
subtraction of the first, second mantissas aligned to the
same exponent, the addition of the above described
subtraction result and the round addition value uni-
formly fixed by the round precision, the round mode, the

computing result sign when the operation is the real
mantissa subtraction which is a subtraction of the same
sign in the floating point data or an addition of the differ-
ent sign, shifts the above described computation result
by one bit to normalize it when the computing result is
denormalized number after the addition, subtraction of
the above described first, second mantissas and the
round addition values, inspects a plurality of bits includ-
ing the least significant bit to be determined by the type
of the operation showing the real mantissa addition or
real mantissa subtraction and the round precision from
the normalized computing result after the above
described normalization, so as to judge whether or not
the above described normalized computing result down
to the above described least significant bit to be deter-
mined by the round precision conforms with respect to
the real mantissa addition or real mantissa subtraction
of the first mantissa and the second mantissa rounded
into the given precision, whether the carry into the upper
from the inspected bits conform, and only the inspected
bits do not conform, whether or not the carry into the
upper position from the inspected bits, the bits upper
from the inspected bits do not conform, either, to effect
in accordance with the above described judgment
results, whether the processing is completed, one por-
tion or all the portions of the inspected bits of the above
described normalized computation result is corrected
so as to complete the processing, or the above
described round addition value is added again with
respect to the above described normalized computing
result to complete the processing.

[0036] A second invention is an addition, subtraction
method of floating point data to do the first, second
mantissa subtraction aligned to the same exponent is
effected when the computation of the floating point data
is 0 or 1 at the exponent difference of the above
described floating point data and at the real mantissa
subtraction which is the subtraction of the same sign or
the addition of the defferent sign in the computation of
the floating point data, either of whether the shifting is
effected to effect the normalization with respect to the
computing results when the computing result is a denor-
malized number , or the round addition value deter-
mined uniformly by the round precision and the round
mode are added, when the computing result is a nor-
malized number, so as to complete the processing.
[0037] A third invention is an addition, subtraction
apparatus of the floating point data comprising a round
addition value generating means for generating the
round addition value determined uniformly by the type
of the operation showing the either of the real mantissa
addition which is the addition of the same sign in the
computation of the floating point data or the subtraction
of the different sign or the real mantissa subtraction
which is the subtraction of the same sign or the addition
of the different sign, the round precision, the round
mode, the signs of the computing result, a mantissa
addition, subtraction executing means for simultane-

13 14

5

10

15

20

25

30

35

40

45

50

55



EP 0 973 089 A2

9

ously effecting the first, second mantissa addition
aligned to the same exponent at the real mantissa addi-
tion, the addition of the above described addition result
and the round addition value the above described round
addition value generating means generates, simultane-
ously effecting the first, second mantissa subtraction
aligned to the same exponent at the real mantissa sub-
traction, the addition of the above described addition
result and the round addition value the above described
round addition value generating means generates, a
normalization means for shifting the above described
computation result to effect the normalizing when the
computation result by the above described mantissa
addition, subtraction executing means is a denormal-
ized number, a computation result inspecting means for
inspecting a plurality of bits including the least signifi-
cant bit fixed by the round precision from among the out-
put of the above described normalization means so as
to judge whether or not the output of the above
described normalization means down to the above
described least significant bit to be determined by the
round precision conforms with respect to the real man-
tissa addition or the real mantissa subtraction of the first
mantissa and the second mantissa rounded to the given
precision, whether or not the carry into the upper from
the inspected bits conform, but the inspected bits only
do not conform, whether or not the carry into the upper
from the inspected bits, the bits to the upper from the
inspected bits do not conform, either, a round correcting
means for correcting one portion or all the portions of
the bits the above described computing result inspect-
ing means inspected with respect to the output of the
above described normalization means.

[0038] A fourth invention is an addition, subtraction
apparatus of the floating point data provided with a
mantissa subtraction executing means for effecting the
subtraction of the first, second mantissas aligned to the
same exponent, a normalization means for shifting the
above described computation result so as to effect the
normalization when the computation result by the above
described mantissa subtraction executing means is a
denormalized number, a round addition means for add-
ing the round addition value determined uniformly by
the round precision and the round mode with respect to
the above described computation result when the com-
putation result by the above described mantissa sub-
traction executing means is a normalized number.
[0039] Another important object of the present inven-
tion is to provide a method and an apparatus for multi-
plying the floating point data which do not require the
steps of correcting the bias of the exponent portion, is
capable of, simultaneously within the same adder, an
addition operation of the round addition values in the
mantissa portion or an addition operation for accumulat-
ing the partial products, and the adding operation of the
sun and the carry from the multiplying units, and as the
result, which is less in the processing step number nec-
essary to obtain the product applied with the round cor-

responding to each round mode being applied with the
specified round precision, is less in hardware as com-
pared with the multiplying apparatus of the conventional
floating point data.

[0040] In accomplishing the above described object, a
fifth invention is a multiplying method of the floating
point data which is adapted to effect an operation of
obtaining a larger value by 1 to a value with an exponent
portion of the multiplicand of the floating point format
having the biased exponent portion and the exponent
portion of the multiplier of the same floating point format
being added, inverting the most significant bit of the
above described computation result after the above
described computation.
[0041] A sixth invention is a multiplying method of the
floating point data which is adapted to obtain the prod-
uct divided between the sum and the carry by multiply-
ing the respective mantissa portions of the multiplicand
and the multiplier, of the floating point data after the
above described multiplication add the above described
sum, the above described carry, and the round addition
value to be determined uniformly by the round preci-
sion, the round mode, the above described multiplicand
sign and the above described multiplier sign, shift the
above described computation result by 1 bit when the
computation result is a denormalized number after the
computation so as to normalize it, inspect the plurality of
bits including the least significant bit to be determined
by the round precision from among the computation
result normalized after the normalization, judge whether
or not the normalized computation result down to the
above described least significant bit fixed by the round
precision conforms with respect to the product of the
mantissa of the above described multiplicand and the
mantissa of the above described multiplier, rounded to
the given precision whether the carry into the upper
from the inspected bits conforms, but the inspected bits
only do not conform, whether or not the carry into the
upper from the inspected bits and the upper bits from
the inspected bits, either do not conform for effecting in
accordance with the above described judging result,
whether or not the processing is completed whether or
not one portion or all the portions of the bits inspected
with respect to the above described normalized compu-
tation result is corrected to complete the processing, or
whether the above described round addition value is
added again with respect to the above described nor-
malized computation results to complete the process-
ing.
[0042] A seventh invention is a multiplying apparatus
of the floating point data comprising an exponent adding
means for obtaining the value where 1 is added to the
sum of the exponent portions of the multiplicand and the
multiplier of the floating point data having the biased
exponent portion, the most significant bit correcting
means for inverting the most significant bit of the output
of the above described exponent adding means.
[0043] An eighth invention is a multiplying apparatus
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of the floating point data comprising a mantissa multi-
plying means wherein the bit widths of two inputs are
both equal to the length of the mantissa portion of the
multiplicand and the multiplier of the floating point data
or are longer than the length of the mantissa portion so
as to output the sum and the carry of the bit width twice
as at least much as the input with respect to the input, a
round adding value generating means for generating
the round addition value fixed uniformly by the round
precision, the round mode, and the signs of the two
floating point data, a mantissa adding means for simul-
taneously effecting the addition of three elements,
namely, the sum cutout of the above described man-
tissa multiplying means, the carry output and the round
addition value from the above described round addition
value generating means, a normalization means for
shifting the above described computing result to nor-
malize it when the computation result by the above
described mantissa adding means is a denormalized
numbers, a computation result inspecting means for
inspecting a plurality of bits including the least signifi-
cant bit determined by the round precision from among
the outputs of the above described normalization
means so as to judge whether or not the output of the
above described normalization means down to the
above described least significant bit determined by the
round precision comforms with respect to the product of
the mantissa of the above described multiplicand and
the mantissa of the above described multiplier rounded
to the given precision, whether or not the carry into the
upper from the inspected bits conforms, but the
inspected bits only do not conform, whether or not the
carry into the upper from the expected bits and the bits
of the upper from the inspected bits do not conform, a
round correcting means for correcting one portion or all
the portions of the bits the above described computa-
tion result inspecting means inspected with respect to
the above described normalization means.

[0044] A ninth invention is a multiplying apparatus of
the floating point data which comprises a multiplicand
retaining means for retaining the mantissa portion of the
multiplicand of the floating point data, a multiplier retain-
ing means for retaining the mantissa portion of the mul-
tiplier of the floating point data, a mantissa multiplying
means for outputting the sum and the carry of the bit
width twice as at least much as the input with respect to
the input with, at least, one input bit width from two
inputs being shorter than the length of the mantissa of
the above described multiplicand and the above
described multiplier, a partial multiplicand selecting
means for dividing the most significant bit of the man-
tissa portion of the multiplicand through the least signif-
icant bit retained in the above described multiplicand
retaining means into the plurality of partial mantissa
portions of the bit width of the multiplicand input of the
above described mantissa multiplying means when the
bit width of the multiplicand input of the above described
mantissa multiplying means is shorter than the length of

the mantissa portion of the above described multipli-
cand so as to select, output one for each of the process-
ing steps from among them, a partial multiplier selecting
means for dividing the most significant bit of the man-
tissa portion of the multiplier retained in the above
described multiplier retaining means through the least
significant bit into the plurality of partial mantissa por-
tions of the bit width of the multiplier input of the above
described mantissa multiplying means when the bit
width of the multiplier input of the above described man-
tissa multiplying means is shorter than the length of the
mantissa portion of the above described multiplier so as
to select, output one for each of the processing steps
from among them, an addition value generating means
for generating the round addition value determined uni-
formly by the round precision, the round mode and the
signs of the two floating point data, a mantissa adding
means for effecting simultaneously the addition of three,
the sum output of the above described mantissa multi-
plying means, the carry output and the round addition
value from the above described round addition value
generating means at the first step of the processing so
as to generate the first partial product, the addition of
three, the stun output of the above described mantissa
multiplying means, the carry output and the partial prod-
uct generated, shifted at the step just before the step at
its subsequent step, so as to generate the new partial
product, a shift means for shifting, in the least significant
bit direction by the number of the bits to be determined
in the position of the partial mantissa portion of the mul-
tiplier and the multiplicand multiplied in the above
described mantissa multiplying means, the partial prod-
uct to be obtained from the above described mantissa
adding means at the first or intermediate step of the
processing, shifting the above described computation
result, normalizing it when the computing result to be
obtained from the above described mantissa adding
means is a denormalized number at the last step, a par-
tial product retaining means for retaining, as the input in
the above described mantissa adding means of the next
step, the output of the above described shift means at
the first or intermediate step of the processing, as com-
putation result inspecting means for inspecting the bits
of the shift overflow in the above described shift means
in the first or intermediate step of the processing and a
plurality of bits including the least significant bit deter-
mined by the round precision from among the output of
the above described shift means in the final step of the
processing so as to judge whether or not the output of
the above described shift means in the final step of the
processing down to the above described least signifi-
cant bit to be determined by the round precision con-
forms with respect to the product of the mantissa of the
above described multiplicand and the mantissa of the
above described multiplier rounded into the given preci-
sion, whether or not the carry into the upper from the
inspected bits conforms, but the inspected bits only do
not conform, whether or not the carry into the upper
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from the inspected bits and the bits of the upper from
the bit do not conform, either, a round correcting means
for correcting one portion or all the portions of the bits
the above described computation result inspecting
means inspected with respect to the output of the above
described shift means.

[0045] A further object of the present invention is to
provide a method and an apparatus for dividing the
floating point data which does not require the steps of
correcting the bias of the exponent portion, is less in
hardware as compared with the dividing apparatus of
the conventional floating point data.
[0046] In accomplishing these and other objects,
according to the preferred embodiment of the present
invention, there is a tenth invention is a method of devi-
ding the floating point data for effecting the computation
of obtaining the value which is smaller by 1 than the
value subtracted the exponent portion of the divisor of
the floating point data with biased exponent from the
exponent portion of the dividend of the same floating
point data so as to invert the most significant bit of the
above described computation results after the above
described computing operation.
[0047] An eleventh invention is a division apparatus of
the floating point data comprising an exponent subtract-
ing means for obtaining a value smaller by 1 than the
value where the exponent portion of the divisor of the
floating point data with biased exponent is reduced from
the exponent portion of the dividend of the same float-
ing point data, a most significant bit correcting means
for inverting the most significant bit of the output of the
above described exponent subtraction means.

BRIEF DESCRIPTION OF THE DRAWING

[0048] These and other objects and features of the
present invention will become apparent from the follow-
ing description taken in conjunction with the preferred
embodiment thereof with reference to the accompany-
ing drawings, in which;

Fig. 1 is a block diagram of an addition subtraction
apparatus of floating point data in a first embodi-
ment;
Fig. 2 is a block diagram of an addition subtraction
apparatus of floating point data in a second embod-
iment of the present invention;
Fig. 3 is a control relation chart of a round correc-
tion repeating control circuit 109 at rounding to lat-
est even mode of the addition, subtraction
apparatus of the floating point data in the first and
second embodiments of the present invention;
Fig. 4, Fig. 5, Fig. 6 are control relation charts of the
round correction repeating control circuit 109 in the
directed rounding toward plus mode or the directed
rounding toward minus mode of the addition, sub-
traction apparatus of the floating point data in the
first and second embodiments of the present inven-

tion;

Fig. 7 is a control relation chart of the carry control
apparatus 115 of the addition, subtraction of the
floating point data in the second embodiment of the
present invention;
Fig. 8 is a processing flow chart of the conventional
addition, subtraction apparatus of the floating point
data and the addition, subtraction apparatus of the
floating point data in the first and second embodi-
ments of the present invention;
Fig. 9 is an input, output relation chart of the round
value generating circuit 106 of the addition, sub-
tracting apparatus of the floating point data in the
first embodiment of the present invention;
Fig. 10 is the sign and operation relation chart of
operation of the adder and the method of deciding
the sign of the computing result of the addition, sub-
traction apparatus of the floating point data in the
first and the second embodiments of the present
invention;
Fig. 11 is an illustrating chart showing the exist-
ence, absence of the round addition of the conven-
tional addition, subtraction apparatus of the floating
point data and the addition, subtraction apparatus
of the floating point data in the first and second
embodiment of the present invention;
Fig. 12 is a principle chart of the carry generation at
the round addition time at the rounding to nearest
mode, the positive directed rounding toward plus
mode and directed rounding toward minus mode of
the addition, subtraction apparatus of the floating
point data in the first and second embodiments of
the present invetion;
Fig. 13 is an embodiment view of the addition, sub-
traction which becomes the principle of the addi-
tion, subtraction apparatus of the floating point data
in the first and second embodiments of the present
invention;
Fig. 14 is a block diagram of the multiplying appara-
tus of the floating point data in a third embodiment
of the present invention;
Fig. 15 is an inner block diagram of the multiplicand
upper, lower selecting circuit 212 and the multiplier
upper, lower selecting circuit 213 in the embodi-
ment;
Fig. 16 is an operation illustrating view of the round
addition value generating circuit 217 in the embodi-
ment;
Fig. 17 is a control relation chart of the mantissa
correction control circuit 224 in the embodiment;
Fig. 18 is an operation flow chart of the single pre-
cision multiplication in the same embodiment;
Fig. 19 is an embodiment view of the addition and
shift at the single precision multiplication time in the
embodiment;
Fig. 20 is an operation flow chart of the double pre-
cision multiplication in the same embodiment;
Fig. 21 is an embodiment view of the addition and
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the shift at the double precision multiplication time
in the embodiment;

Fig. 22 is a block diagram of the division apparatus
of the floating point data in a fourth embodiment of
the present invention;
Fig. 23 is an operation flow chart of the division in
the same embodiment;
Fig. 24 is a block diagram of the addition, subtrac-
tion apparatus of the conventional floating point
data;
Fig. 25 is a block diagram of the conventional multi-
plying apparatus of the floating point data;
Fig. 26 is an operation illustrating view of the round
addition value generating circuit 267 in the conven-
tional multiplying apparatus;
Fig. 27 is an operation flow chart of the single pre-
cision multiplication in the conventional multiplying
apparatus, and
Fig. 28 is an operation flow chart of the double pre-
cision multiplication in the conventional multiplying
apparatus.

DETAILED DESCRIPTION OF THE INVENTION

[0049] Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by like reference numerals throughout the accompany-
ing drawings.
[0050] Fig. 1 shows a block diagram of the addition,
subtraction apparatus of the floating point data in a first
embodiment of the present invention. In Fig. 1, refer-
ence numeral 101 is a resister for accommodating a
mantissa which is not smaller in exponent out of two
floating point data, reference numeral 102 is a register
for accommodating the mantissa, smaller in the expo-
nent, aligned to exponent not smaller from two floating
point data, reference numeral 103 is a multiplexor for
selecting the register 110 to be described later when the
round correction repeating control circuit 109 to be
described later has instructed the insertion of the new
processing step and the register 101 at the normal com-
puting time except for above, reference numeral 104 is
a multiplexor for selecting the constant 0 when the
round correction repeating control circuit 109 to be
described later has instructed the insertion of the new
processing step and the register 102 at the normal com-
puting time except for above,, reference numeral 105 is
a complementer for taking 1's complement of the output
of the multiplexor 104 at the subtracting time, reference
numeral 106 is a round value generating circuit for
deciding the position of the round addition in accord-
ance with the exponent difference of the two floating
point data, the operation type and the round mode so as
to generate the data with the round added bit being 1
and the other bits being 0, reference numeral 107 is an
adder which is adapted to simultaneously execute the
temporary round and operation by the addition of the
output of the multiplexor 103, the output of the comple-

menter 105 and the output of the round value generat-
ing circuit 106 with the carry input (Cin) being 0 at the
addition time, the carry input (Cin) being 1 at the sub-
traction operation time, reference numeral 108 is a LR1
shifter which shifts by 1 bit the cutout of the adder 107
in the least significant bit direction (hereinafter referred
to as right) when the bit having the weight of 21 of the
output of the adder 107 is 1, shifts by 1 bit the output of
the adder 107 in the most significant bit direction (here-
inafter referred to as left) when the bit having the weight
of 21 and the bit having the weight of 20 are both 0, and
at the time except for them, outputs the output, as it is,
of the adder 107, reference numeral 109 is a round cor-
rection repeating control circuit which judges whether or
not the round effected by the adder 107 is correctin-
structs the accommodation of the corrected value in the
register 110 to be described later and the completion of
the processing, when the correct round result may be
obtained only by the correction of the least significant bit
or the least significant bit and one upper bit, and
instructs the insertion of the processing when the read-
dition of the round value is required to be effected so as
to obtain the correct round results, reference numeral
110 is a register for accommodating the output of the
LR1 shifter 108, reference numeral 111 is a shift
number generating circuit for generating the shift
number for normalizing the value retained in the register
110, reference numeral 112 is a barrel shifter which is
adapted to effect an shifting operation by bit number the
shift number generating circuit 111 shows with respect
to the output of the register 110 for the normalization,
reference numeral 113 is a register for accommodating
the output of the barrel shifter 112. Fig. 3 is a control
relation chart of the round correction repetitive control
circuit 109 shown in Fig. 1 when the round mode is the
rounding to nearest even mode. When the addition of
the two floating point data of the same sign or the sub-
traction of two floating point data of the different sign
(hereinafter referred to as mantissa addition)are
effected, with the round precision being the single preci-
sion, the requirement of the bit correction of the output
of the adder 107 and the requirement of the readdition
of the round addition value are determined from the bits
having the weights of 21, 2-22, 2-23, 2-24 of outputs of the
adder 107 and the sticky bit S which is the logical or of
the bits of the bits having the weight of 2-25, or lower as
shown in Fig. 3 (a), the requirement of the bit correction
of the output of the adder 107 and the requirement of
the readdition of the round addition value are deter-
mined from bits having the weights of 21, 2-51. 2-52, 2-53

of the output of the adder 107 and the sticky bit S which
is the ligical or of the bits, having the weight of 2-54, or
lower as shown in Fig. 3 (b) when the mantissa addition
is carried out and the round precision are the double
precision, the requirement of the bit correction of the
output of the adder 107 and the requirement of the read-
dition of the round addition value are determined from
bits having the weights of 20, 2-23, 2-24, 2-25 of the out-
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put of the adder 107, and the sticky bit S which is the
logical or of bits, having the weight of 2-26, or lower as
shown in Fig. 3, (c) when the subtraction of two floating
point data of the same sign or the addition of two float-
ing point data of the different sign (hereinafter referred
to as mantissa subtraction) are carried out, with the
rounding precision being the single precision, the
requirement of the bit correction of the output of the
adder 107 and the requirement of the readdition of the
round addition value are determined from bits having
the weights of 20, 2-52, 2-53, 2-54 of the adder 107 and
the sticky bit S which is the logical or of the bits, having
the weight of 2-55, or lower as shown in Fig. 3 (d) when
the mantissa subtraction is executed, with the round
precision being the double precision. Fig. 4 is a control
relation chart of a round correction repetition control cir-
cuit 109 shown in Fig. 1 when the round mode is the
directed rounding toward plus mode, with the sign of the
computation result being positive. When the two the
mantissa addition is executed, with the round precision
being the single precision, the requirement of the bit
correction of the output of the adder 107 and the
requirement of the readdition of the round addition value
are determined from the bits having the weights of 21, 2-

22, 2-23, 2-24 of output of the adder 107 and the sticky bit
S which is the logical or of the bit of the bits, having the
weight 2-25, or lower as shown in Fig. 4 (a), the require-
ment of the bit correction of the output of the adder 107
and the requirement of the readdition of the round addi-
tion value are determined from bits having the weights
of 21, 2-51. 2-52, 2-53 of the output of the adder 107 and
the sticky bit S which is the logical or of the bits, having
the weight of 2-54, or lower as shown in Fig. 4 (b) when
the mantissa addition is carried out and the round preci-
sion is the double precision, the requirement of the bit
correction of the output of the adder 107 and the
requirement of the readdition of the round addition value
are determined from bits having the weights of 20, 2-23,
2-24, 2-25 of the output of the adder 107, and the sticky
bit S which is the logical or of the bits, having the weight
of 2-26, or lower as shown in Fig. 4, (c) when the man-
tissa subtraction) is executed, with the round precision
being the single precision, the requirement of the bit
correction of the output of the adder 107 and the
requirement of the readdition of the round addition value
are determined from bits having the weights of 20, 2-52,
2-53, 2-54 of the output of the adder 107 and the sticky
bit S which is the logical or of the bits, having the weight
of 2-55, or lower as shown in Fig. 4 (d) when the man-
tissa subtraction is executed, with the round precision
being the double precision. Fig. 9 is an input, output
relation chart of a round value generating circuit 106
shown in Fig. 1, and determines the round addition
value in accordance with the round mode, the sign of
the computation result, the type of the operation,
whether or not the step is round readdition. The round
value generating circuit 106 generates the round addi-
tion value with the value of the weight bit the round addi-

tion bit shows being 1, with the others being 0 in
accordance with Fig. 9 (a) when the round precision is
the single precision, and Fig. 9 (b) when the round pre-
cision is the double precision.

[0051] The addition, subtraction apparatus of the float-
ing point data in the present embodiment constructed
as described hereinabove will be described in its princi-
ple. Here a case where the round precision is the single
precision is shown by way of example, with the double
precision being based on the same thinking way.
[0052] Assume that the mantissa portions of the
augend, minuend and the addend, subtrahend are f1, f2
and the exponent portions of the augend, minuend and
the addend, subtrahend are e1, e2 (wherein e1 ≤ e2),
and the mantissa portion A of the sum at the mantissa
addition time is expressed by

When the range of the value of the normalized mantissa

is considered,

The shift number necessary for the normalization after
the mantissa addition becomes 1 bit to right even at the
greatest. (2) shows the binary digit expression in numer-
ical value. Also, the mantissa portion A of the difference
at the mantissa subtraction time is shown by

Here by the value of e1 - e2,

(1) time of

The shift number necessary for the normalization
after the mantissa subtraction becomes 0 bit at the
minimum and 23 bits to left at the maximum.
(2) time of

The shift number necessary for the normalization
after the mantissa retraction becomes 0 bit at the

A = f1 +2 -(e1-e2)f2

2 0≤f1≤2 1-2 -23 2 0≤f2≤2 1-2 -23

2 0≤A≤2 1-2 -23+2 1-2 -23=2 2-2 -22

2 0≤A≤2 1+2 0+2 -1+ .... + 2 -22

1. 0 (2) <A<11. 1111 .... 11 (2)

A = f1 - 2 -(e1-e2)f2

e1 - e2 = 0

0≤A≤2 1-2 -23=2 0+2 -1 + .... +2 -22 +2 -23

0≤A≤1.1111 ....11 (2)

e1 - e2 = 1

2 0-2 -1x (2 1 - 2 -23)≤A≤2 1-2 -23-2 -1x2 0.

0.000...001 (2)≤A≤1.01111...111 (2)
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minimum and 24 bits to left at maximum.

(3) time of

The shift number necessary for normalization after
the mantissa subtraction becomes 1 bit to left at
maximum.
(4) time of

The shift number necessary for normalization after
the mantissa subtraction becomes 1 bit to left at
maximum. Likewise, as at the time of e1 - e2≥4,
shift number necessary for normalization after the
mantissa subtraction becomes 1 bit to left at maxi-
mum, at the e1 - e2≥2 the shift number necessary
for normalization after the mantissa subtraction
becomes 1 bit to left even at maximum.

[0053] By the above described fact, at the time of
mantissa addition or at the time of mantissa subtraction
except for exponent differences 0, 1, the shift of 2 bits or
more after the mantissa computation is not necessary.
At the former time, the result in the bit having the weight
of 2-22 or the bit having the weight of 2-23 before the nor-
malization becomes the least significant bit (L). At the
latter tiem, the result in the bit having the weight of 2-23

or the bit having the weight of 2-24 becomes the least
significant bit (L). Accordingly, simultaneously with the
addition, subtraction at the time of the mantissa addition
or at the time of the mantissa subtraction except for the
exponent difference 0, 1, the rounding is effected at the
positions of these bits, and thereafter 1 bit normalized
shift operation has only to be effected to right or to left.
Only at the time of the mantissa subtraction of 0 or 1 in
the exponent difference, the shift of 2 bit or more after
the computation are necessary. At the time of the expo-
nent difference 0, the alignment shift operation is not
effected before the computation, so that the effective
value is not provided lower than the least significant bit
and the rounding is not necessary. At the time of the
exponent difference 1, the alignment shift number
before the computation is 1 bit, so that the effective
value is provided only at 1 bit lower (round bit R) of the
least significant bit. If the bit having the weight 20 is 1,
the shift for normalization is unnecessary, but the round-
ing only is required. If the bit having the weight of 20 is
0, the round bit is moved into the least significant bit or
the upper than it by the shift for the normalization, so
that the rounding is not necessary after the normaliza-
tion. Therefore, when the exponent difference is at 0 or
1, the mantissa subtraction, the shift for normalization or

rounding has only to be effected at most after the com-
putation. The position of the least significant bit (L) at
the mantissa addition time is shown in Fig. 13 (a), the
position of the least significant bit (L) at the mantissa
subtraction time except for the exponent difference 0, 1
is shown in Fig. 13 (b).

[0054] A principle for realizing the rounding to nearest
to even is shown hereinafter. In order to make the value
be rounded to the nearest value, the existence of the
addition to the least significant bit is determined by
whether the bit to be added, namely, the bit (round bit R)
smaller by 1 of the least significant bit (L) is 1 or 0. When
the round bit is 0, the data before being rounded and the
data after being rounded are the same. When the round
bit is 1, 1 is to be added to the least significant bit. The
round addition is automatically realized by the addition
of 1 to the round bit, because the carry from the round
bit works as the value added to the least significant bit.
As the bits smaller than the round bit are not judged in
this method, the rounding operation may be effected to
the larger one by the rounding addition even when the
round bit is 1 and the bits smaller than it are 0, namely
the value is tie. But the ANSI/IEEE Standard for Binary
Floating-Point Arithmetic P754 stipulates, the tie value
to be rounded to the even number. As shown in the col-
umn of RN of Fig. 11, even if the round bit is 1 when the
sticky bit showing the portion smaller than the round bit
is 0, which is a tie value, the value is rounded so that
least significant bit may be normally even in number.
More concretely, when the least significant bit is 1, the
rounding addition is effected. When the least significant
bit is 0, the round addition is not effected.
[0055] Here, the noteworthy fact is the carry propaga-
tion to the least significant bit when the rounding addi-
tion has been effected to the round bit. When the round
bit is 1, the round bit becomes 0 by the rounding addi-
tion and the carry generated by the rounding addition is
added to the least significant bit. When the least signifi-
cant bit is 1, the carry is propagated to the upper bit as
shown in Fig. 12 (a). When the least significant bit is 0,
the carry is not propagated, thus resulting in 1 in the
least significant bit as shown in Fig. 12 (b). When the
round bit and the sticky bit are both 0 after the addition
has been effected unconditionally upon the round bit the
tie value which is 1 in the round bit and 0 in the sticky bit
may be exactly rounded to the even number by the cor-
rection of the least significant bit to 0. Namely, if the
position of the round bit is determined before the opera-
tion, the rounding and the computation may be exe-
cuted at the same time.
[0056] 1 is temporarily added to the bit having the
weight 2-24 at the mantissa addition time and 1 is tem-
porarily added to the bit having the weight of the 2-25 at
the subtraction time except for 0, 1 in the exponent dif-
ference and the operation is effected. Thereafter, the
real round bit is determined by the bits having the
weight of 21 and 20 of the operation result so as to real-
ize the round by the correction of the round results tem-

e1 - e2 = 2

2 0 - 2 -2 X (2 1-2 -23)≤A≤2 1-2 -23-2 -2X2 0

0.100....001 (2)≤A≤1.10111....111 (2)

e1 - e2 = 3

2 0-2 -3 X (2 1-2 -23)≤A≤2 1-2 -23-2 -3X2 0

0.110....001 (2) ≤A≤1.11011....111 (2)
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porarily effected. By the bits having the weights of 2-22,
2-23, 2-24 of the result temporarily round added, and 1
bit which is the logical or of bits smaller than them at the
mantissa addition time, the bits having the weights of 2-

23, 2-24, 2-25 of the result temporarily round added, and
1 bit which is the logical or of bits smaller than them at
the mantissa subtraction, the following are judged,

a the case the correct result is obtained
b the case the correct result is obtained by the cor-
rection of the bit having the weight of 2-22 or 2-23

c the case the correct result is not obtained only in
the correction of the bit having the weight of 2-22 or
2-23

In the case of the b, the bit is corrected. In the case of
the c, the same rounding is added again, the correct
computing result is obtained.
[0057] The adding, subtraction apparatus of the float-
ing point data in the present embodiment composed as
described hereinabove will be described hereinafter in
its operation. The description is divided in the sequence
of the rounding to nearest even mode, the directed
rounding toward plus mode and the directed rounding
toward minus mode, the directed rounding toward zero
mode. Further, the round precision is divided in the sin-
gle precision and the double precision in each of the
modes.

1. Rounding to Nearest Even Mode

1-1 when the augend, minuend and the addend, subtra-
hend are the single precision format, and the sun or the
difference is rounded into single precision

(1) Before Processing Step Start

[0058] In accordance with the exponents and the
signs of two floating point data and whether the instruc-
tion is the addition or the subtraction, the type of the
operation of the mantissa addition or the mantissa sub-
traction and the sign of the computation result are deter-
mined as shown in the sign and operation relation chart
of Fig. 10. The mantissa which is not smaller in expo-
nent from the augend, minuend and the addend, subtra-
hend is accommodated in the register 101. The
mantissa which is smaller in exponent from the augend,
minuend and the addend, subtrahend is aligned to the
exponent which is not small, is accommodated in the
register 102. The bits which are spilt at the alignment
are accommodated in the register 102 together as the
round bit (R) having the weight of the 2-24 at a bit which
is lower by 1 bit of the least significant bit (L) and the
sticky bit (S) which is the logical or of the bits, having the
weight of 2-25, or lower.

(2) Step 1

• Mantissa addition time

[0059] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with the bit having the
weight of 2-24 being 1, the other bits being made 0 are
generated. The complementer 105 outputs the multi-
plexor 104 output as it is, and the adder 107 executes
(register 1) + (register 2) + (round addition value) with
the Cin being made 0. When the bit having the weight of
21 of the output of the adder 107 is 1, the LR1 shifter
108 effects 1 bit shift to the right. In accordance with the
instruction of the round correction repetitive control cir-
cuit 109, by the bits having the weight of 2-25 of the out-
put of the adder 107 and the S bit, the output of the LR1
shifter 108 is accommodated in the register 110 with the
bit having the weight of the 2-23 inverted when the cor-
rection signal shown in Fig. 3 (a) is 01, and without cor-
rection when the correction signal is 00. When the
rerounding signal of the round correction repetitive con-
trol circuit 109 is 1, the insertion of the new step for exe-
cuting the readdition of the round value is instructed.
But when the rerounding signal is 0, this step completes
the computing operation with the rounding operation
being effected in accordance with the round precision.

• Mantissa subtraction time except for the exponent dif-
ference 0, 1

[0060] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with the bit having the
weight of 2-25 being 1, the other bits being made 0 are
generated. The complementer 105 inverts the output of
the multiplexor 104 to input them into the adder 107,
and the adder 107 executes (register 1) - (register 2) +
(round addition value) with the Cin being made 1. When
the bit having the weight of 20 of the output of the adder
107 is 0, the LR1 shifter 108 effects 1 bit shift to the left.
1 bit (S) which is the logical or of bits, having the weight
of 2-26 of the output of the adder 107, or lower, is gener-
ated. In accordance with the instruction of the round
correction repetitive control circuit 109 by the bits having
the weights of the 20, 2-23, 2-24, 2-25 of the output of the
adder 107 and the S bit, the output of the LR1 shifter
108 is accommodated in the register 110 with the bit
having the weight of the 2-23 inverted when the correc-
tion signal shown in Fig. 3(c) is 01 without correction
when the correction signal is 00. When the correction
signal is 00, the output of the LR1 shifter 108 is accom-
modated as it is into the register 110. When the
rerounding signal of the round correction repetitive con-
trol circuit 109 is 1, the insertion of the new step for exe-
cuting the readdition of the round value is instructed.
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But when the rerounding signal is 0, this step completes
the computing operation with the rounding operation
being effected in accordance with the round precision.

• Mantissa subtraction time with the exponent difference
0, 1

[0061] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with all the bits being made
0 are generated. The complementer 105 inverts the out-
put of the multiplexor 104 so as to input them to the
adder 107, and the adder 107 executes (register 1) -
(register 2) with the Cin being made 1. When the bit
having the weight of 20 of the output of the adder 107 is
0, the LR1 shifter 108, effects 1 bit shift to the left. In the
round correction competitive control circuit 109, the
insertion of the step insertion for rounding is instructed
when the three bits having the weights of the 20, 2-23, 3-

24 of the output of the adder 107 are 1 respectively. In
the shift number generating circuit 111, the shift number
necessary for normalizing the output of the LR1 shifter
108 is generated. The insertion of the step for normali-
zation is instructed when the shift number is not 0.
When the insertion of the step for rounding and the
insertion of the step for normalization are not caused
respectively, the computation is completed by this step.

(3) Insertion Step (only when the insertion of the step is
instructed)

• Mantissa addition time

[0062] The output of the register 110 is selected by the
multiplexor 103, the constant 0 is selected by the multi-
plexor 104. The output of the multiplexor 103, the output
of the complementer 105 with the output of the multi-
plexor 104 being output as it is, the data with the bit,
having the weight of 2-24 generated by the round value
generating circuit 106 of the step 1, being 1 , the other
bits being 0 are added by the adder 107. When the bit
having the weight of 21 of the output of the adder 107 is
1, the LR1 shifter 108 effects 1 bit shift to right. When
the bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

• Mantissa subtraction time except for exponent differ-
ence 0, 1

[0063] The output of the register 110 is selected by the
multiplexor 103, the constant 0 is selected by the multi-
plexor 104. The output of the multiplexor 103, the output
of the complementer 105 with the output of the multi-
plexor 104 being output as it is, the data with the bit,
having the weight of 2-25 generated by the round value
generating circuit 106 of the step 1, being 1, the other

bits being 0 are added by the adder 107. When the bit
having the weight of 21 of the output of the adder 107 is
1, the LR1 shifter 108 effects 1 bit shift to right. When
the bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

• Mantissa subtraction time with the exponent difference
0, 1

[0064] When the insertion of the step for the normali-
zation has been instructed by the shift number generat-
ing circuit 111, the barrel shifter 112 inputs the register
110, shifts to left by the shift number generated by the
shift number generating circuit 111 so as to accommo-
date in the register 113 for completing the processing.
[0065] When the insertion of the step for rounding has
been instructed by the round correction repetitive con-
trol circuit 109, the output of the register 110 is selected
by the multiplexor 103, the constant 0 is selected by the
multiplexor 104. The output of the multiplexor 103, the
output of the complementer 105 with the output of the
multiplexor 104 being output as it is, the data with the
bit, having the weight of 2-23 generated by the round
value generating circuit 106, being 1, the other bits
being 0 are added by the adder 107. When the bit hav-
ing the weight of 21 of the output of the adder 107 is 1,
the LR1 shifter 108 effects 1 bit shift to right. When the
bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

1-2 When the augend, minuend and the addend, sub-
trahend are the double precision format, and the sum or
the difference is rounded into double precision

(1) Before Processing Step Start

[0066] In accordance with the exponents and other
signs of the two floating point data and whether the
instruction is addition or subtraction, the type of the
operation of the mantissa addition or the mantissa sub-
traction and the sign of the computation result are deter-
mined as shown in the sign and operation relation chart
of Fig. 10. The mantissa which is not smaller in expo-
nent from the augend, minuend and the addend, subtra-
hend is accommodated in the register 101. The
mantissa which is smaller in exponent from the augend,
minuend and the addend, subtrahend is aligned to the
exponent which is not small, is accommodated in the
register 102. The bits which are spilt at the alignment
are accommodated in the register 102 together as the
round bit (R) having the weight of the 2-53 at a bit which
is lower by 1 bit of the least significant bit (L) and the
sticky bit (S) which is the logical or of the bits, having the
weight of 2-54 , or lower.
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(2) Step 1

• Mantissa addition time

[0067] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with the bit having the
weight of 2-53 being 1, the other bits being made 0 are
generated. The complementer 105 the outputs the mul-
tiplexor 104 output as it is, and the adder 107 executes
(register 1) + (register 2) + (round addition value) with
the Cin being made 0. When the bit having the weight of
21 of the output of the adder 107 is 1, the LR1 shifter
108 effects 1 bit shift to the right. 1 bit (S) which is the
logical or of bits, having the weight of 2-54 of the output
of the adder 107 is generated. In accordance with the
instruction of the round correction repetitive control cir-
cuit 109 by the bits having the weights of 21, 2-51, 2-52,
2-53 of the outputs of the adder 107 and the S bit, the
output of the LR1 shifter 108 is accommodated in the
register 100 with the bit having the weight of the 2-52

inverted when the correction signal shown in Fig. 3(b) is
01, without correction when the correction signal is 00.
When the rerounding signal of the round correction
repetitive control circuit 109 is 1, the insertion of the new
step for executing the readdition of the round value is
instructed. But when the rerounding signal is 0, this step
completes the computing operation with the rounding
operation being effected in accordance with the round
precision.

• Mantissa subtraction time except for the exponent dif-
ference 0, 1

[0068] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with the bit having the
weight of 2-54 being 1, the other bits being made 0 are
generated. The complementer 105 inverts the output of
the multiplexor 104 to input them into adder 107, and
executes the (register 1) - (register 2) + (round addition
value) with the Cin being made 1. When the bit having
the weight of 20 of the output of the adder 107 is 0, the
LR1 shifter 108 effects 1 bit shift to the left. 1 bit (S)
which is the logical or of bits, having the weight of 2-55 of
the output of the adder 107, or lower, is generated. In
accordance with the instruction of the round correction
repetitive control circuit 109, by the bits having the
weights of 20, 2-52, 2-53, 2-54 of the outputs of the adder
107 and the S bit, the output of the LR1 shifter 108 is
accommodated in the register 110 with the bit having
the weight of the 2-52 inverted when the correction sig-
nal shown in Fig. 3 (d) is 01 without correction when the
correction signal is 00. When the rerounding signal of
the round correction repetitive control circuit 109 is 1,
the insertion of the new step for executing the readdition

of the round value is instructed. But when the reroundig
signal is 0, this step completes the computing operation
with the rounding operation being effected in accord-
ance with the round precision.

• Mantissa subtraction time with the exponent difference
0, 1

[0069] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with all the bits being made
0 are generated. The complementer 105 inverts the out-
put of the multiplexor 104 so as to input them to the
adder 107 and executes the (register 1) - (register 2)
with the Cin being made 1. When the bit having the
weight of 20 of the output of the adder 107 is 0, the LR1
shifter 108 effects 1 bit shift to the left. In the round cor-
rection competitive control circuit 109, the insertion of
the step for the rounding is instructed when the three
bits having the weights of the 20, 2-52, 2-53 of the output
of the adder 107 are 1 respectively. In the shift number
generating circuit 111, the shift number necessary for
normalizing the output of the LR1 shifter 108 is gener-
ated. The insertion of the step for normalization is
instructed when the shift number is not 0. When the
insertion of the step for the rounding and the insertion of
the step for normalization are not caused respectively,
the computation is completed by this step.

(3) Insertion Step (only when the insertion of the step is
instructed)

• Mantissa addition time

[0070] The output of the register 110 is selected by the
multiplexor 103, the constant 0 is selected by the multi-
plexor 104. The output of the multiplexor 103, the output
of the complementer 105 with the output of the multi-
plexor 104 being outputted as it is, the data with the bit,
having the weight of 2-53 generated by the round value
generating circuit 106 of the step 1, being 1, the other
bits being 0 are added by the adder 107 is 1. When the
bit having the weight of 21 of the output of the adder
107, the LR1 shifter 108 effects 1 bit shift to right. When
the bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

• Mantissa subtraction time except for exponente differ-
ence 0, 1

[0071] The output of the register 110 is selected by the
multiplexor 103, the constant 0 is selected by the multi-
plexor 104. The output of the multiplexor 103, the output
of the complementer 105 with the output of the multi-
plexor 104 being outputted as it is, the data with the bit,
having the weight of 2-54 generated by the round value
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generating circuit 106 of the step 1 being 1, the other
bits being 0 are added by the adder 107. When the bit
having the weight of 21 of the output of the adder 107 is
1, the LR1 shifter 108 effects 1 bit shift to right. When
the bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

• Mantissa subtraction time with the exponent difference
0, 1

[0072] When the insertion of the step for the normali-
zation has been instructed by the shift number generat-
ing circuit 111, the barrel shifter 112 inputs the register
110, shifts to left by the shift number generated by the
shift number generating circuit 111 so as to accommo-
date in the register 113 for completing the processing.
[0073] When the insertion of the step for rounding has
been instructed by the round correction repetitive con-
trol circuit 109, the output of the register 110 is selected
by the multiplexor 103, the constant 0 is selected by the
multiplexor 104. The output of the multiplexor 103, the
output of the complementer 105 with the output of the
multiplexor 104 being outputted as it is, the data with the
bit, having the weight of 2-52 generated by the round
value generating circuit 106, being 1, the other bits
being 0 are added by the adder 107. When the bit hav-
ing the weight of 21 of the output of the adder 107 is 1,
the LR1 shifter 108 effects 1 bit shift to right. When the
bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

2 Directed Rounding Toward Plus Mode And Directed
Rounding Toward Minus Mode

2-1 when the augend, minuend and the addend, subtra-
hend are the single precision format, and the sum and
the difference is rounded into single precision

(1) Before Processing Step Start

[0074] In accordance with the exponentsand the signs
of two floating point data and whether the instruction is
addition or subtraction, the type of the operation of the
mantissa addition or the mantissa subtraction and the
signs of the computation result are determined as
shown in the sign and operation relation chart of Fig. 10.
When the sign of the computation result is negative in
the directed rounding toward plus mode mode or the
sign of the computation result is positive in the directed
rounding toward minus mode, the operation is effected
in accordance with the operation of the directed round-
ing toward zero mode to be described later. When the
sign of the computation result is positive in the directed
rounding toward plus mode when the sign of the compu-
tation result is negative in the directed rounding toward
minus mode, the operation is effected as follows. The

mantissa which is not smaller in exponent from the
augend, minuend and the addend, subtrahend is
accommodated in the register 101. The mantissa which
is smaller in exponent from the augend, minuend and
the addend, subtrahend, is aligned to the exponent that
is not smaller, is accommodated in the register 102. The
bits which are spilt at the alignment are together accom-
modated in the register 102 as the round bit (R) having
the weight of 2-24 at a bit which is lower by 1 bit of the
least significant bit (L), and as the sticky bit (S) which is
the logical or of the bits, having the weight of 2-25, or
lower.

(2) Step 1

• Mantissa addition time

[0075] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with the bit having the
weight of 2-24 being 1, the others bit being made 0 are
generated. The complementer 105 outputs the multi-
plexor 104 output as it is, and the adder 107 executes
(register 1) + (register 2) + (round addition value) with
the Cin being made 0. When the bit having the weight of
21 of the output of the adder 107 is 1, the LR1 shifter
108 effects 1 bit shift to the right. 1 bit (S) which is the
logical or of bits, having the weight of 2-25 of the output
of the adder 107, or lower, is generated. In accordance
with the instruction of correction repetitive control circuit
109 by the bits having the weights of the 21, 2-22, 2-23,
2-24 of the output of the adder 107 and the S bit, the out-
put of the LR1 shifter 108 is accommodated in the reg-
ister 110 with the the bit having the weight of the 2-23

inverted when the correction signal shown in Fig. 4(a) is
01 with the bits having the weight 2-22, 2-23 of the output
of the LR1 shifter 108 is inverted when correction signal
is 10, and without correction when the correction signal
is 00. When the rerounding signal of the round correc-
tion repetitive control circuit 109 is 1, the insertion of the
new step for executing the readdition of the round value
is instructed. But when the rerounding signal is 0, this
step completes the computing operation with the round-
ing operation being effected in accordance with the
round precision.

• Mantissa subtraction time except for the exponent dif-
ference 0, 1

[0076] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with the bit having the
weight of 2-25 being 1, the other bits being made 0 are
generated. The complementer 105 inverts the output of
the multiplexor 104 so as to input them to the adder 107
and the adder 107 executes (register 1) - (register 2) +
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(round addition value) with the Cin being made 1. When
the bit having the weight of 20 of the output of the adder
107 is 0, the LR1 shifter 108 effects 1 bit shift to the left.
1 bit (S) which is the logical or of bits, having the weight
of 2-26 of the output of the adder 107, or lower, is gener-
ated. In accordance with instruction of the round correc-
tion repetitive control circuit 109, by the bits having the
weights of 20, 2-23, 2-24, 2-25 of the output of the adder
107 and the S bit, the output of the LR1 shifter 108 is
accommodated in the register 110 with the bit having
the weight of the 2-23 inverted when the correction sig-
nal shown in Fig. 4 (c) is 01, the bits having the weights
of 2-22 and 2-23 of the output of the LR1 shifter 108
inverted when the correction signal is 10 and without
correction when the correction signal is 00. When the
rerounding signal of the round correction repetitive con-
trol circuit 109 is 1, the insertion of the new step for exe-
cuting the readdition of the round value is instructed.
But when the rerounding signal is 0, this step completes
the computing operation with the rounding operation
being effected in accordance with the round precision.

• Mantissa subtraction time with the exponent difference
0, 1

[0077] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with all the bits being made
0 are generated. The complementer 105 inverts the out-
put of the multiplexor 104 so as to input them to the
adder 107, and the adder 107 executes (register 1) -
(register 2) with the Cin being made 1. When the bit
having the weight of 20 of the output of the adder 107 is
0, the LR1 shifter 108 effects 1 bit shift to the left. In the
round correction competitive control circuit 109, the
insertion of the step insertion for rounding is instructed
when the two bits having the weights of the 20, 2-24 of
the output of the adder 107 are 1 respectively. In the
shift number generating circuit 111, the shift number
necessary for normalizing the output of the LR1 shifter
108 is generated. The insertion of the step for normali-
zation is instructed when the shift number is not 0.
When the insertion of the step for rounding and the
insertion of the step for normalization are not caused
respectively, the computation is completed by this step.

(3) Insertion Step (only when the insertion of the step is
instructed)

• Mantissa addition time

[0078] The output of the register 110 is selected by the
multiplexor 103, the constant 0 is selected by the multi-
plexor 104. The output of the multiplexor 103, the output
of the complementer 105 with the output of the multi-
plexor 104 being output as it is, the data with the bit,
having the weight of 2-24 generated by the round value

generating circuit 106 of the step 1, being 1, the other
bits being 0 are added by the adder 107. When the bit
having the weight of 21 of the output of the adder 107 is
1, the LR1 shifter 108 effects 1 bit shift to right. When
the bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

• Mantissa subtraction time except for exponent differ-
ence 0, 1

[0079] The output of the register 110 is selected by the
multiplexor 103, the constant 0 is selected by the multi-
plexor 104. The output of the multiplexor 103, the output
of the complementer 105 with the output of the multi-
plexor 104 being output as it is, the data with the bit,
having the weight of 2-25 generated by the round value
generating circuit 106 of the step 1, being 1, the other
bits being 0 are added by the adder 107. When the bit
having the weight of 21 of the output of the adder 107 is
1, the LR1 shifter 108 effects 1 bit shift to right. When
the bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

• Mantissa subtraction time with the exponent difference
0, 1

[0080] When the insertion ofthe step for the normali-
zation has been instructed by the shift number generat-
ing circuit 111, the barrel shifter 112 inputs the register
110, shifts to left by the shift number generated by the
shift number generating circuit 111 so as to accommo-
date in the register 113 for completing the processing.
[0081] When the insertion of the step for rounding has
been instructed by the round correction repetitive con-
trol circuit 109, the output of the register 110 is selected
by the multiplexor 103, the constant 0 is selected by the
multiplexor 104. The output of the multiplexor 103, the
output of the complementer 105 with the output of the
multiplexor 104 being output as it is, the data with the
bit, having the weight of 2-23 generated by the round
value generating circuit 106, being 1, the other bits
being 0 are added by the adder 107. When the bit hav-
ing the weight of 21 of the output of the adder 107 is 1,
the LR1 shifter 108 effects 1 bit shift to right. When the
bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

2-2 when the augend, minuend and the addend, subtra-
hend are the double precision format, and the sun or the
difference is rounded into double precision

(1) Before Processing Step Start

[0082] In accordance with the exponents and the
signs of two floating point data and whether the instruc-
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tion is addition or subtraction, the type of the operation
of the mantissa addition or the mantissa subtraction,
and the sign of the computation result are determined
as shown in the sign and operation relation chart of Fig.
10. When the sign of the computation result is negative
in the directed rounding toward plus mode or the sign of
the computation result is positive in the directed round-
ing toward minus mode the operation is effected in
accordance with the operation of the directed rounding
toward zero mode to be described later. When the sign
of the computation result is positive in the directed
rounding toward plus mode when the sign of the compu-
tation results is negative in the directed rounding toward
minus mode the operation is effected as follows. The
mantissa which is not smaller in exponent from the
augend, minuend and the addend, subtrahend is
accommodated in the register 101. The mantissa which
is smaller in exponent from the augend, minuend and
the addend, subtrahend, and is aligned to the exponent
that is not smaller, is accommodated in the register 102.
The bits which are spilit at the alignment setting time are
together accommodated in the register 102 as the
round bit (R) having the weight of 2-53 at a bit which is
lower by 1 bit of the least significant bit (L), and as the
sticky bit (S) which is the logical or of the bits, having the
weight of 2-54, or lower.

(2) Step 1

• Mantissa addition time

[0083] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with the bit having the
weight of 2-53 being 1, the other bits being made 0 are
generated. The complementer 105 outputs the multi-
plexor 104 output as it is, and the adder 107 executes
(register 1) + (register 2) + (round addition value) with
the Cin being made 0. When the bit having the weight of
21 of the output of the adder 107 is 1, the LR1 shifter
108effects 1 bit shift to the right 1. 1 bit (S) which is the
logical or of bits having the weight of 2-54 of the output
of the adder 107, or lower is generated. In accordance
with the instruction of the round correction repetitive
control circuit 109 by the bits having the weights of the
21, 2-51, 2-52, 2-53 of the output of the adder 107 and the
S bit, the output of the LR1 shifter 108 is accomodated
in the register 110 with the bit having the weight of the
2-52 inverted when the correction signal shown in Fig. 4
(b) is 01, with the bits having the weight 2-51, 2-52 of the
output of the LR1 shifter 108 invrted when the correc-
tion signal is 01 and without correction when the correc-
tion signal is 00. When the rerounding signal of the
round correction repetitive control circuit 109 is 1, the
insertion of the new step for executing the readdition of
the round value is instructed. But when the reround sig-
nal is 0, this step completes the computing operation

with the rounding operation being effected in accord-
ance with the round precision.

• Mantissa subtraction time except for the difference 0, 1

[0084] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with the bit having the
weight of 2-54 being 1, the other bits being made 0 are
generated. The complementer 105 inverts the output of
the multiplexor 104 so as to input them to the adder 107
and the adder 107 executes (register 1) - (register 2) +
(round addition value) with the Cin being made 1. When
the bit having the weight of 20 of the output of the adder
107 is 0, the LR1 shifter 108 effects 1 bit shift to the left.
1 bit (S) which is the logical or of bits having the weight
of 2-55 of the output of the adder 107, or lower, is gener-
ated. In accordance with instruction of the round correc-
tion repetitive control circuit 109 by the bits having the
weights of the 20, 2-52, 2-53, 2-54 of the output of the
adder 107 and the S bit, the output of the LR1 shifter
108 is accommodated in the register 110 with the bit
having the weight of the 2-52 inverted when the correc-
tion signal shown in Fig. 4 (d) is 01, with the bits having
the weights of 2-51 and 2-52 of the output of the LR1
shifter 108 inverted when the correction signal is 01,
and without correction when the the correction signal is
00. When the rerounding signal of the round correction
repetitive control circuit 109 is 1, the insertion of the new
step for executing the readdition of the round value is
instructed. But when the reround signal is 0, this step
completes the computing operation with the rounding
operation being effected in accordance with the round
precision.

• Mantissa subtraction time with the exponent difference
0, 1

[0085] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with all the bits being made
0 are generated. The complementer 105 inverts the out-
put of the multiplexor 104 so as to input them to the
adder 107, and the adder 107 executes (register 1) -
(register 2) with the Cin being made 1. When the bit
having the weight of 20 of the output of the adder 107 is
0, the LR1 shifter 108 effects 1 bit shift to the left. In the
round correction competitive control circuit 109, the
insertion of the step for the rounding is instructed when
the two bits having the weights of the 20, 2-53 of the out-
put of the adder 107 are 1 respectively. In the shift
number generating circuit 111, the shift number neces-
sary for normalizing the output of the LR1 shifter 108 is
generated. The insertion of the step for normalization is
instructed when the shift number is not 0. When the
insertion of the step for the rounding and the insertion of
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the step for normalization, are not caused respectively,
the computation is completed by this step.

(3) Insertion Step (only when the insertion of the step is
instructed)

• Mantissa addition time

[0086] The output of the register 110 is selected by the
multiplexor 103, the constant 0 is selected by the multi-
plexor 104. The output of the multiplexor 103, the output
of the complementer 105 with the output of the multi-
plexor 104 being output as it is, the data with the bit,
having the weight of 2-53 generated by the round value
generating circuit 106 of the step 1, being 1, the other
bits being 0 are added by the adder 107. When the bit
having the weight of 21 of the output of the adder 107 is
1, the LR1 shifter 108 effects 1 bit shift to right. When
the bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

• Mantissa subtraction time except for exponent differ-
ence 0, 1

[0087] The output of the register 110 is selected by the
multiplexor 103, the constant 0 is selected by the multi-
plexor 104. The output of the multiplexor 103, the output
of the complementer 105 with the output of the multi-
plexor 104 being output as it is, the data with the bit,
having the weight of 2-54 generated by the round value
generating circuit 106 of the step 1, being 1, the other
bits being 0 are added by the adder 107. When the bit
having the weight of 21 of the output of the adder 107 is
1, the LR1 shifter 108 effects 1 bit shift to right. When
the bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

• Mantissa subtraction time with the exponent difference
0, 1

[0088] When the insertion of the step for the normali-
zation has been instructed by the shift number generat-
ing circuit 111, the barrel shifter 112 inputs the register
110, shifts to left by the shift number generated by the
shift number generating circuit 111 so as to accommo-
date in the register 113 for completing the processing.
[0089] When the insertion of the step for rounding has
been instructed by the round correction repetitive con-
trol circuit 109, the output of the register 110 is selected
by the multiplexor 103, the constant 0 is selected by the
multiplexor 104. The output of the multiplexor 103, the
output of the complementer 105 with the output of the
multiplexor 104 being output as it is, the data with the
bit, having the weight of 2-52 generated by the round
value generating circuit 106, being 1, the other bits
being 0 are added by the adder 107. When the bit hav-

ing the weight of 21 of the output of the adder 107 is 1,
the LR1 shifter 108 effects 1 bit shift to right. When the
bit having the weight of 21 is 0, the value as it is is
accommodated in the register 110 so as to complete the
processing.

3 Zero Direction Round Mode
(The following processing is common when the augend,
minuend and the addend, subtrahend are the single
precision format, and the sun or the difference is
rounded into single precision and when the augend,
minuend and the addend, subtrahend are the double
precision format, and the sun or the difference is
rounded into double precision)

(1) Before Processing Step Start

[0090] In accordance with the exponents and the
signs of two floating point data and the whether instruc-
tion is addition or subtraction, the type of the operation
of the mantissa addition or the mantissa subtraction and
the sign of the computation result are determined as
shown in the sign and operation relation chart of Fig. 10.
The mantissa which is not smaller in exponent from the
augend, minuend and the addend, subtrahend is
accommodated in the register 101. The mantissa which
is smaller in exponent from the augend, minuend and
the addend, subtrahend, is aligned to the exponent
which is not smaller, is accommodated in the register
102.

(2) Step 1

• Mantissa addition time

[0091] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with all the bits being made
0 are generated. The complementer 105 outputs the
multiplexor 104 output as it is so as to input them to the
adder 107, and the adder 107 executes (register 1) +
(register 2) with the Cin being made 0. When the bit
having the weight of 21 of the output of the adder 107 is
1, the LR1 shifter 108,effects 1 bit shift to the right so as
to complete the computing operation.

• Mantissa subtraction time except for exponent differ-
ences 0, 1

[0092] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, all the bits being made 0 are gener-
ated. The complementer 105 inverts the output of the
multiplexor 104 to input them to the adder 107, and the
adder 107 executes (register 1) - (register 2) with the
Cin being made 1. When the bit having the weight of 20

39 40

5

10

15

20

25

30

35

40

45

50

55



EP 0 973 089 A2

22

of the output of the adder 107 is 0, the LR1 shifter 108
effects 1 bit shift to the left so as to complete the com-
puting operation.

• Mantissa subtraction time with the exponent difference
0, 1

[0093] The output of the register 101 is selected by the
multiplexor 103, and the output of the register 102 is
selected by the multiplexor 104. In the round value gen-
erating circuit 106, the data with all the bits being made
0 are generated. The complementer 105 inverts the out-
put of the multiplexor 104 so as to input them to the
adder 107, and the adder 107 executes (register 1) -
(register 2) with the Cin being made 1. When the bit
having the weight of 20 of the output of the adder 107 is
0, the LR1 shifter 108 effects 1 bit shift to the left. In the
shift number generating circuit 111, the shift number
necessary for normalizing the output of the LR1 shifter
108 is generated. The insertion of the step for normali-
zation is instructed when the shift number is not 0.
When the insertion of the step for normalization is not
caused, the computation is completed by this step.

(3) Insertion Step (only when the insertion of the step is
instructed)

• Only at mantissa subtraction time with the exponent
difference 0, 1

[0094] The barrel shifter 112 inputs the register 110 to
shift to the left by the shift number generated by the shift
number generating circuit 111 for accommodating it so
as to complete the processing.
[0095] According to the present embodiment, at the
mantissa addition time or the mantissa subtraction time
except for the exponent differences 0, 1, the sum of the
three of two floating point data mantissas and the round
addition value or the sum of the two former difference
and the latter are effected at the same time by the adder
107. The processing may be completed in most case by
the normalizing of the result by the LR1 shifter 108.
Even when the correction of the output of the LR1 shift
108 by the instruction of the round correction competi-
tive control circuit 109 is necessary, the completing
operation may be effected without increase in the
processing step number. The completing operation may
be effected by the insertion, by 1 step, of the processing
only when the addition of the round addition value by
the adder 107 is required again. The probability neces-
sary in the insertion of 1 step is extremely small, and it
is two thirty-seconds at the roundinging to nearest even
mode three thirty-seconds at the time of the directed
rounding toward plus mode or the directed rounding
toward minus mode, and 0 at the time of the directed
rounding toward zero mode (when the bit pattern of the
mantissa is assumed to be uniformly distributed). As the
result, in most cases, (thirty thirty-seconds at the time of

the rounding to nearest even mode twenty nine thirty-
seconds at the time of the directed rounding toward plus
mode or the directed rounding toward minus mode, 1 at
the time of the directed rounding zero mode), the
processing step number necessary for the addition,
subtraction becomes as small as 2. Even at the time of
the mantissa subtraction time of the exponent differ-
ences 0, 1, by the subtraction of the mantissas of two
floating point data and the addition of the round addition
values are effected at the same time by the adder 107.
And by the normalization of the result by the LR1 shifter
108. The processing may be completed in most of the
cases, only when the shift of 2 bits or more for normali-
zation by the barrel shifter 112 or the processing can be
completed by the insertion of 1 step, the addition of the
round addition value is necessary by the adder 107, the
number of the processing steps necessary in most of
the cases becomes as small as 2. These processing
flows are shown in Fig. 8 (b). Even in the either case, as
the addition, subtraction of the mantissas and the addi-
tion of the round addition value are executed by the sin-
gle adder 107, the necessary hardwares are less as
compared with the conventional addition, subtraction
apparatus of the floating point data.

[0096] Although in the present embodiment at the
directed rounding toward plus mode or at the directed
rounding toward minus mode, in accordance with the
respective cases of the mantissa addition with single
precision rounding, the mantissa subtraction of 0 or 1 in
exponent difference with single precision rounding, the
mantissa addition with double precision rounding, the
mantissa subtraction of 0 or 1 in exponent difference
with double precision rounding, the data are generated
with the bits having the weights of 2-24, 2-25, 2-53, 2-54 in
the round value generating circuit 106 being 1, the other
bits being 0, the output of the LR1 shifter 108 is accom-
modated in the register 110 with the bits having the
wights of 2-23, 2-23, 2-52, 2-52 inverted when the correct-
ing signal is 01, and with the bits having the weights of
2-22 and 2-23, 2-22 and 2-23, 2-51 and 2-52, 2-51 and 2-52

inverted when the correction signal is 10 in accordance
with the control relation charts of the Fig. 4 (a), (b), (c),
(d) by the round correction repetitive control circuit 109,
and the insertion of the new step for again adding the
round addition value generated by the round value gen-
erating circuit 106 is instructed, when the rerounding
signal of the round correction repetitive control circuit
109 is 1, the data can be generated with the bits ahving
the weights of 2-23, 2-24, 2-52, 2-53 in the round value
generating circuit 106 being 1, the other bits being 0, the
output of the LR1 shifter 108 is accommodated in the
register 110 with the bits having the weight of 2-23, 2-23,
2-52, 2-52 inverted when the correction signal is 01, and
with the bits having the weight of 2-22 and 2-23, 2-22 and
2-23, 2-51 and 2-52, 2-51 and 2-52 inverted when the cor-
rection signal is 10 in accordance with the control rela-
tion charts of Fig. 5 (a), (c), (b), (d) by the round
correction repetitive control circuit 109, the insertion of
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the new step for adding again the round addition value
generated by the round value generating circuit 106 can
be instructed, when the reround signal of the round cor-
rection repetitive control circuit 109 is 1 and the correc-
tion signal is 00, and the insertion of the new step for
subtracting from the value for retaining in the register
110 the round addition value generated by the round
value generating circuit 106 can be instructed when the
reround signal is 1 and the correction signal is 11. In this
manner, the probability necessary in the insertion of 1
step is reduced as low as two thirty-seconds, thus
improving the computing speed.

[0097] Although in the present embodiment at the
directed rounding toward plus mode or at the directed
rounding toward minus mode in accordance with the
respective cases of the mantissa addition with single
precision rounding, the mantissa subtraction of 0 or 1 in
exponent difference with single precision rounding, the
mantissa addition with double precision rounding, the
mantissa subtraction of 0 or 1 in exponent difference
with double precision rounding, the data are generated
with the bits having the weights of 2-24, 2-25, 2-53, 2-54 in
the round value generating circuit 106 being 1, the other
bits being 0, the round correction repetitive control cir-
cuit 109 instructs the insertion of the step of the correc-
tion of the bits or the readdition of the round addition
value in accordance with the correcting signal and the
reround signal shown in the control relation charts of the
Fig. 4 (a), (c), (b), (d). The data can be generated in the
round value generaing circuit 106 with bits having 2-24

and its all the lower weights, 2-25 and its all the lower
weights, 2-53 and its all the lower weights, 2-54 and its all
the lower weights being 1, the other bits being 0. The
round correction repetitive control circuit 109 can
instruct the insertion of the step of the correction of the
bits or the readdition of the round addition value in
accordance with the correction signal and the reround
signal shown in the control relation charts of the Fig. 6
(a), (c), (b), (d). In this manner, the probability neces-
sary in the insertion of the 1 step is made as low as two
thirty-seconds, thus improving the computing speed. In
the the directed rounding toward plus mode or in the
directed rounding toward minus mode, it is noticeable
that the addition of 1 for rounding into the least signifi-
cant bit (L) becomes necessary when the round bit (R)
or the sticky bit (S) is 1. By the use of the carry gener-
ated by the addition of the data with the round bit and its
all the lower bits being made 1 in bit position, the round
addition into the least significant bit may be effected. A
case where the round addition is not caused with the
round bit and the sticky bit being both zero is shown in
Fig. 12 (c). A case where the addition of 1 for rounding
is caused except for above is shown in Fig. 12 (d), (e),
(f).
[0098] In the present embodiment, both the precision
of the format and the round precision of the augend,
minuend and the addend, subtrahend are provided by
way of single precision or double precision. Even in a

case where the precision of the format and the round
precision of the augend, minuend and the addend, sub-
trahend are different, the round addition value to be
generated by the round value generating circuit 106 is
the data with the round bit corresponding to the round
precision being 1, the input bit number of the adder 107
is set to the maximum bit number of the data handling
so that the round corresponding to the round precision
may be realized without dependence upon the precision
of the format of the augend, minuend and the addend,
subtrahend.

[0099] Although in the present embodiment, in
accordance with the respective cases of the mantissa
addition with the single precision rounding, the mantissa
subtraction of 0 or 1 in exponent difference with single
precision rounding, the mantissa addition with double
precision sounding, the mantissa subtraction of 0 or 1 in
exponent difference with double precision rounding, the
round correction repetitive control circuit 109 inspects
the bits having the weights of 21, 2-22, 2-23, 2-24, the bits
having the weights of 20, 2-23, 2-24, 2-25 , the bits having
the weights of 21, 2-51, 2-52, 2-53, the bits having the
weights of 20, 2-52, 2-53, 2-54 of the output of the adder
107 and S bit so as to instruction the correction of the
bits having the weights of 2-22 and 2-23, 2-22 and 2-23, 2-

51 and 2-52, 2-51 and 2-52, the inspected bit and the cor-
rected bit can be increased in the most significant bit
direction. The probability necessary in the insertion of 1
step is halved for each 1 bit addition of the inspected bit
and the corrected bit, thus improving the computing
speed.
[0100] Fig. 2 shows a block diagram of the addition,
subtraction apparatus of the floating point data in the
second embodiment. It is to be noted that like parts in
Fig. 2 are designated by like reference numerals in Fig.
1. In Fig. 2, reference numeral 114 is an adder of two
inputs with the bit having the weight of 2-24 with the sin-
gle precision as carry input (Cin), and the bit having the
weight of 2-53 with the double precision as carry input
(Cin), reference numeral 115 is a carry control appara-
tus for designing the carry input (Cin) of the adder 114.
Fig. 7 is a control relation chart of the carry control
apparatus 115, where the carry input (Cin) shown in Fig.
7 (a) when the mantissa addition is executed and the
round precision is the single precision, in Fig. 7 (b) when
the mantissa addition is executed, and the round preci-
sion is the double precision, in Fig. 7 (c) when the man-
tissa subtraction is executed, and the round precision is
the single precision, in Fig. 2 (d) when the mantissa
subtraction is executed and the round precision is the
double precision is input into the adder 114.
[0101] The addition, subtraction apparatus of the float-
ing point data in the present embodiment constructed
as hereinabove will be described hereinafter in its oper-
ation. Instead of effecting the addition, subtraction of the
mantissa of two floating point data and the addition of
the round addition value generated by the round value
generating circuit 106,by the adder 107 of three inputs
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in the first embodiment shown in Fig. 1, the present
embodiment is adapted to operate the carry input (Cin)
of the adder 114 of two inputs by the carry control appa-
ratus 115 so as to effect the addition, subtraction of the
mantissa and the addition of the round addition values.
Only the operation of the addition, subtraction of the
mantissas and the addition of the round addition value
will be described hereinafter, with the other operations
being the same as in the first embodiment.

• Mantissa addition time

[0102] At the rounding to nearest even mode, or when
the sign of the computing result is positive in the
directed rounding toward minus mode, or the sign of the
computation result is negative in the directed rounding
toward minus mode, the carry input (Cin) is made irrele-
vant, into 1, to the input data as shown in the columns of
RN,RP(+),RM(-) of Fig. 7 (a), (b) so that 2-24, 2-53 are
added as addition values in accordance with the round
precision being the single precision or the double preci-
sion.
[0103] When the sign of the computation result is neg-
ative in the directed rounding toward plus mode or the
sign of the computation result is positive in the directed
rounding toward minus mode or at the directed rounding
toward zero mode, the round addition values are not
required to be added. Thus, the carry input (Cin) is
made irrelevant, into 0, to the input data as shown in the
columns of RP(-),RM(+), RZ of Fig. 7 (a), (b).

• Mantissa subtraction time except for exponent differ-
ence 0, 1

[0104] At the rounding to nearest even mode or when
the sign of the computation result is positive in the
directed rounding toward plus mode, or when the sign of
the computation result is negative in the directed round-
ing toward minus mode, 2-25, 2-54 are required to be
added as the round addition values in accordance with
the round precision being the single precision or the
double precision and 1 for the 2's complement is
required to be added to the position of the sticky bit (S).
So as to realize these additions, when at least one of
the bit of 2-25 of the data (aligned and complemented by
1) to be added, and the sticky bit (S) is 1, or when at
least one of the bit of 2-54 and the sticky bit (S) is 1, the
carry input (Cin) into 2-24, 2-53 is made 1. When both the
bit of 2-25 of the data to be added and the sticky bit (S)
are 0, or when both the bit of 2-54 and the sticky bit (S)
are 0, the carry input (Cin) into 2-24, 2-53 is made 0.
Accordingly, the carry input (Cin) depended upon the
input data as shown in the columns of RN, RP(+),RM(-)
of Fig. 7 (c), (d) is generated.
[0105] When the sign of the computation result is neg-
ative in the directed rounding toward plus mode or the
signs of the computation result is positive in the directed
rounding toward minus mode or at the directed rounding

toward zero mode, in accordance with the roung preci-
sion being the single precision or the double precision,
1 for 2's complement is required to be added to the posi-
tion of the sticky bit (S). So as to realize this addition,
when at least one of the bit of 2-25 of the data (aligned
and complemented by 1) to be added and the sticky bit
(S) is 1, or when at least one of the bit of 2-54 and the
sticky bit (S) is 0, the carry input (Cin) into 2-24, 2-53 is
made 0. When both the bit of 2-25 of the data to be
added and the sticky bit (S) are 1, or when both the bit
of 2-54 and the sticky bit (S) are 1, the carry input (Cin)
into 2-24, 2-53 is made 1 for realization thereof. Accord-
ingly, the carry input (Cin) depended upon the input data
as shown in the columns of RP(-),RM(+),RZ of Fig. 7
(c), (d) is generated.

• Mantissa subtraction time with the exponent difference
0, 1

[0106] The round is not executed simultaneously with
the subtraction of the mantissas. But in accordance with
the single precision or the double precision in the round
precision, 1 for 2's complement is required to be added
to the position of the sticky bit (S). So as to realize this
addition, when at least one of the bit of 2-25 of the data
(aligned and complemented by 1) to be added and the
sticky bit (S) is 0, or when at least one of the bit of 2-54

and the sticky bit (S) is 0, the carry input (Cin) into 2-24,
2-53 is made 0. When both the bit of 2-25 of the data to
be added and the sticky bit (S) are 1, or when both the
bit of 2-54 and the sticky bit (S) are 1, the carry input
(Cin) into 2-24, 2-53 is made 1. Accordingly, the carry
input (Cin) depended upon the input data as shown in
the columns of RP(-),RM(+),RZ of Fig. 7 (c), (d) are
generated.
[0107] Even in the above described either case, the
rounding to be effected with the step being inserted may
be realized with the carry input (Cin) being 1 so as to
effect the addition with 2-24, 2-53 as the round addition
values in accordance with the single precision or the
double precision in the round precision.
[0108] Even by the present embodiment, at the man-
tissa addition time or the mantissa subtraction time
except for the exponent differences 0, 1, the sum of the
three of two floating point data mantissas and the round
addition value or the sum of two former difference and
the latter are effected at the same time by the adder
114. As the result, in most of the cases (thirty thirty-sec-
onds at the rounding to nearest even mode, twenty nine
thirty-seconds at the directed rounding toward plus
mode or the directed rounding toward minus mode, 1 at
directed rounding toward zero mode), the processing
step number necessary for the addition, subtraction
becomes as small as 2. Even at the time of the mantissa
subtraction time of the exponent differences 0, 1, the
subtraction of the mantissas of two floating point data
and the addition of the round addition value are effected
at the same time by the adder 114, so that the number
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of the processing steps necessary in most of the cases
becomes as small as 2. Even in the either case, as the
addition, subtraction of the mantissas and the addition
of the round addition values are executed by the single
adder 114, the necessary hardwares are less as com-
pared with the conventional addition, subtraction appa-
ratus of the floating point data. The adder 114, which is
composed of two inputs, becomes much less in hard-
ware than in the fist embodiment.

[0109] Fig. 14 shows a block diagram of a multiplying
apparatus of floating point data in the third embodiment
of the present invention. In referring now to Fig. 14, ref-
erence numeral 201 is a multiplicand register for retain-
ing the multiplicand, consisting of a sign portion 201s of
1 bit, an exponent portion 201e of 11 bits and a man-
tissa portion 201f of 53 bits. Reference numeral 202 is a
multiplier register for retaining the multiplier, consisting
of a sign portion 202s of 1 bit, an exponent portion 202e
of 11 bits and a mantissa portion 202f of 53 bits. The
most significant bit of the multiplicand register mantissa
portion 201f and the multiplier register mantissa portion
202f is so-called "hidden bit" each having the weight of
20 when it is 1 at the normalized number, with the multi-
plicand register 201 and the multiplier register 202
being both in conformity with the double precision for-
mat except for this bit. Reference numeral 203 is a sign
generating circuit for reading the signs of the multipli-
cand and the multiplier from the multiplicand register
sign portion 201s and the multiplier register sign portion
202s so as to generate the sign of the product, refer-
ence numeral 204 is an exponent adder of 11 bits for
reading the exponents of the multiplicand and the multi-
plier from the multiplicand register exponent portion
201e and the multiplier register exponent portion 202e
so as to compute the exponent of the product, effects
the addition of the A input, the B input and the carry
input of 1 bit Cin. Reference numeral 205 and reference
numeral 206 are respectively selectors of 11 bits for
selecting the two inputs of the exponent adder 204, ref-
erence numeral 207 is the most significant bit corecting
circuit of inverting the msot significant bit of the ouput of
the exponent adder 204, referece numral 208 is a latch
of 1 bit for retaining the overflow from the most signifi-
cant bit at the addition in the exponent adder 204, refer-
ence numeral 209 is an exception detecting circuit for
detecting the overflow and the underflow of the product
with respect to the computation precision detected from
the output of the exponent adder 204 and the value of
the latch 208, reference numeral 210 is a latch of 11 bits
for retaining the output of the exponent adder 204
inverted in the most significant bit by the most signifi-
cant bit correcting circuit 207 so as to input them into the
exponent adder 204 again through the selector 205, ref-
erence numeral 211 is a normalized correction value
generating circuit for generating the constant for
increasing the exponent by 1 through the normalization
of the 1 bit shift of the mantissa of the product, reference
numeral 212 is a multiplicand upper, lower selecting cir-

cuit for reading the multiplicand register mantissa por-
tion 201f so as to select, output the upper 27 bits or the
lower 27 bits (the most significant bit at this time is
assumed to be 0), reference numeral 213 a multiplier
upper, lower selecting circuit for reading the multiplier
register mantissa portion 202f so as to select, output the
upper 27 bits or the lower 27 bits (the most significant bit
at this time is 0), reference numeral 214 is a multiplying
unit for multiplying the output of the the multiplicand
upper, lower selecting circuit 212 of 27 bits by the output
of the multiplier upper, lower selecting circuit 213 of 27
bits so as to respectively output the sum and the carry
of the 54 bits, reference numerals 215, 216 are respec-
tively a latch of 54 bits for retaining the sum output and
the carry output of the multiplying unit 214, reference
numeral 217 is a round addition value geherating circuit
for generating the constant when the addition is effected
so as to round the mantissa of the product in single pre-
cision or double precision, reference numeral 218 is a
selector of 54 bits for selecting the value of the latch 216
and the output of the round addition value generating
circuit 217, reference numeral 219 is a selector of 54
bits for selecting the output of the round addition value
generating circuit 217 and the value to be retained in the
latch 225 to be described later, reference numeral 220
is a mantissa adder of 54 bits for adding the value
retained at the latch 215 and the output of the selector
218, and the output of the selector 219, reference
numeral 221 is a shifter of 54 bits for shifting by 0 bit or
1 bit or 26 bits the output of the mantissa adder 220 in
the least significant bit direction, reference numeral 222
is a sticky bit generating circuit for inputting 22 bits
which is 26th bit through 47th bit from the most signifi-
cant bit of the output of the mantissa adder 220 and the
shift overflow from the least significant bit of 26 bits in
the shifter 221 so as to generate the sticky bit in accord-
ance with the round precision whether the single preci-
sion or the double precision, reference numeral 223 is a
mantissa correcting circuit for inverting, outputting if
necessary the 24th bit from the most significant bit of
the output of the shifter 221 when the round precision is
the single precision, and the 53rd when the round preci-
sion is the double precision, reference numeral 224 is a
mantissa correction control circuit with 6 bits of the 23rd
bit through the 25th bit, from the most significant bit, of
the 3rd bit through the least significant bit, from the least
significant bit, of the output of the mantissa adder 220,
a 1 bit of the overflow from the most significant bit at the
addition in the mantissa adder 220, the sticky bit 1 bit
the sticky bit generating circuit 222 outputs so as to con-
trol the inversion of the bit to be effected by the mantissa
correction circuit 223 and the addition of the round addi-
tion values in the mantissa adder 220 in accordance
with the round precision, whether the single precision or
the double precision reference numeral 225 is a latch of
54 bits for retaining the output of the shifter 221, refer-
ence numeral 226 is a product register for retaining the
product, consisting of a sign portion 226s of 1 bit, an
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exponent portion 226e of 11 bits and a mantissa portion
226f of 53 bits. The most significant bit of the product
register mantissa portion 226 is a so-called "hidden bit"
having the weight of 20, is 1 at the time of the normal-
ized number, and the product register 226 except for
this bit is in conformity with the double precision format.
Fig. 15 is a inner block diagram of the multiplicand
upper, lower selecting circuit 212 and the the multiplier
upper, lower selecting circuit 213 shown in Fig. 14. Ref-
erence numeral 227 is a selector for selecting the upper
27 bits or 27 bits with 0 being expanded at the most sig-
nificant bit to the lower 26 bits of the input of 53 bits. Fig.
16 is an operation illustrating chart showing the con-
stants the round addition value generating circuit 217
generates shown in Fig. 14, wherein a round addition
value A with the 25th bit only from the most significant
bit being 1, the others being 0, a round addition value B
with only 2nd bit from the most significant bit being 1,
the others being 0, a round addition value C with only
the least significant bit being 1, the others being 0 are
generated. Fig. 17 is a control relation chart of the man-
tissa correction control circuit 224 shown in Fig. 14,
where when the round precision is the single precision,
as shown in Fig. 17 (a), the requirement of the bit inver-
sion of the mantissa and the requirement of the readdi-
tion of the round addition value are determined from the
bits of the 23rd bit through the 25th bit (Z22, Z23, Z24)
from the most significant bit of the output of the man-
tissa adder 220, the sticky bit (S) the sticks bit generat-
ing circuit 222 outputs and the overflow (Cout) in the
mantissa adder 220. Also, when the round precision is
the double precision, as shown in Fig. 17 (b), the
requirement of the bit inversion of the mantissa and the
requirement of the readdition of the round addition value
are determined from the bits of the 3rd bit through the
least significant bit (Z51, Z52, Z53) from the least signifi-
cant bit of the output of the mantissa adder 220, the
sticky bit (S) the sticky bit generating circuit 222 outputs
and the overflow (Cout) in the mantissa adder 220.

[0110] The multiplying apparatus of the floating point
data in the present embodiment composed as
described hereinabove will be described hereinafter in
its operation. Here the round modes is provided by way
of the rounding to nearest even mode.
[0111] A case where the multiplicand and the multi-
plier are the single precision format, and the product is
rounded into the single precision will be described with
an operation flow chart of the single precision multiplica-
tion shown in Fig. 18 and the embodiment diagram of
the addition and shift in the single precision multiplica-
tion shown in Fig. 19. Fig. 18 shows operations for each
of the processing steps of the exponent adder 204, the
exception detecting circuit 209, the multiplying unit 214,
the mantissa adder 220, the shifter 221, the mantissa
correction circuit 223. Fig. 19 shows the embodiment of
the detailed operation in the mantissa adder 220 and
the shifter 221 from among them.

(1) Before Processing Step Start

[0112] The multiplicand and the multiplier at the single
precision are expanded into the double precision and
are respectively accommodated in the multiplicand reg-
ister 201 and the multiplier register 202. At this time, the
multiplicand register exponent portion 201e and the
multiplier register exponent portion 202e are both con-
verted into the biased expression of the above precision
(real exponent value = value of exponent portion - 1023

(10)), with 0 being filled in the lower 29 bits of the multi-
plican register mantissa portion 201f and the multiplier
register mantissa portion 202f.

(2) Step 1

[0113] The exponent of the multiplicand retained in
the multiplicand register exponent portion 201e by the
selector 205 is inputted into the A input of the exponent
adder 204, the exponent of the mulptiplier retained in
the multiplier register exponent portion 202e by the
selector 206 is input into the B input of the exponent
adder 204 so as to effect the addition in the exponent
adder 204 with the carry input Cin being provided as 1.
The most significant bit of the addition result is inverted
by the most significant bit correcting circuit 207. The
addition result with the most significant bit being
inverted is accommodated in the latch 210. The fact that
the value to be retained in the latch 210 is the exponent
of the product correctly biased can be proved as follows.

(Proof start)

[0114] In ANSI/IEEE Standard for Binary Floating-
Point Arithmetic P754, the bias value of the double pre-
cision is assumed as follows (-X is the inversion of X.).

It may be transformed

wherein

e1: biased exponent portion of the multiplicand (11
bits)

e2: biased exponent portion of multiplier (11 bits)
em: biased exponent portion of product (11 bits)

The addition of 1 of the third term can be realized with
the carry input Cin being made 1. The addition of 100

bias = 011 1111 1111 (2)

em = (e1-bias) + (e2 - bias) + bias

= e1 + e2 - bias

= e1 + e2 + -bias + 1

= (e1 + e2 + 1) + -bias

= (e1 + e2 + 1) + 100 0000 0000 (2)
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0000 0000(2) of the forth term can be realized by the
inversion of the most significant bit.

(Proof end)

[0115] The latch 208 retains the overflow in the expo-
nent adder 204 at this time. The multiplicand upper,
lower selecting circuit 212 reads, outputs the upper 27
bits of the multiplicand register mantissa portion 201f
(the value A shown in Fig. 19 (a), with all the effective
bits of the mantissa portion of the multiplicand being
included in it, the lower 3 bits being 0). The multiplier
upper, lower selecting circuit 213 reads, outputs the
upper 27 bits of the multiplier register mantissa portion
202f (the value B shown in Fig. 19 (a), with all the effec-
tive bits of the mantissa portion of the multiplier being
included in it, the lower 3 bits being 0). The multiplying
unit 214 executes the multiplication in accordance with
the inputs from the multiplicand upper, lower selecting
circuit 212 and the multiplier upper, lower selecting cir-
cuit 213 so as to respectively accommodate the sum
output and the carry output in the latch 215 and the
latch 216. At the same time, in the sign generating cir-
cuit 203, the signs of the multiplicand and the multiplier
are read from the multiplicand register sign portion 201s
and the multiplier register sign portion 202s so as to
take the exclusive or of both and generate the sign of
the product for accommodating it in the product register
sign portion 226s.

(3) Step 2

[0116] The mantissa adder 220 adds the sum output
(lower 7 bits are 0) of the multiplying unit 214 retained in
the latch 215, the carry output (lower 7 bits are 0) of the
multiplying unit 214 retained in the latch 216 by the
selector 218, and the round addition value A the round
addition value generating circuit 217 generates by the
selector 219. By the presence, absence of the unit over-
flow (Z-1) from the mantissa adder 220 at this time,
one of the following is executed.

• When the overflow exists from the mantissa adder
220, namely, when the product of the mantissa portion
is 2 or more

[0117] The shifter 221 shifts by 1 bit (at this time, 1 is
filled in the most significant bit), in the least significant
bit direction, the output from the mantissa adder 220 for
normalization. The exponent adder 204 adds the value
of the latch 210, the constant 1 the normalized correc-
tion value generating circuit 211 outputs by the selector
205 and the selector 206 so as to accommodate the
result into the product register exponent portion 226e.

• When the overflow from the mantissa adder 220 does
not exit, namely, when the product of the mantissa por-
tion is 1 or more and less than 2

[0118] The shifter 221 outputs as it is without shifting
the output from the mantissa adder 220 as the normali-
zation is not necessary. The exponent adder 204 out-
puts the value of latch 210 as it is by the selector 205
and the selector 206 so as to accommodate it into the
product register exponent portion 226e.
[0119] The value of the latch 208 is not allowed to
change. The exception detecting circuit 209 detects in
accordance with the following logic the overflow (OVF)
and the underflow (UNF) of the product at the single
precision by the output (which is assumed to be E) of
the exponent adder 204.

The sticky bit generating circuit 222 takes the logical or
of 22 bits of the 26th bit through the 47th bit (Z25, ...,
Z46) from the most significant bit of the output of the
mantissa adder 220 so as to make the sticky bit output
(S) 1 if a bit of 1 in value exists no more than 1 in 22 bits,
and to make the sticky bit output (S) 0 if all the bits of 22
bits are 0 in value. The mantissa correction control cir-
cuit 224 controls the mantissa correcting circuit 223 in
accordance with the bits of 23rd bit through the 25th bit
(Z22, Z23, Z24) from the most significant bit of the output
of the mantissa adder 220, the sticky bit (S) the sticky bit
generating circuit 222 outputs and the overflow
( ) in the mantissa adder. The mantissa cor-
recting circuit 223 inverts the 24th bit (R23) from the
most significant of the output of the shifter 221 if the col-
umn of the correction signal of Fig. 17 (a) is 1. If the col-
umn is 0, the circuit effects to output it without being
inverted. At the same time, if the column of the round
adding signal of Fig. 17 (a) is 0, the output is accommo-
dated in the product register mantissa portion 226f, with
the lower 29 bits of 53 bits of the output of the mantissa
correcting circuit 223 except for the most significant bit
being masked in 0, so as to complete the processing. If
the column of the round addition signal is 1, the output
of the mantissa correction circuit 223 is accommodated
in the latch 225, and thereafter, the following insertion
step is executed.

(3) Insertion Step (only when the column of the round
addition signal is 1)

[0120] The mantissa adder 220 adds the round addi-
tion value A the round addition value generating circuit
217 generates by the selector 218 and the value the
latch 225 retains by the selector 219. At this time, the
overflow from the mantissa adder 220 is not caused.
The shifter 221 outputs the output of the mantissa adder

if E≥128 (10) then OVF = 1 else OVF = 0

if E≤996 (10) then UNF = 1 else UNF = 0

Cout= Z -1
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220 as it is without being shifted, and the mantissa cor-
rection circuit 223 also outputs the output of shifter 221
as it is without being bit inverted. Thereafter, the output
is accommodated in the product register mantissa por-
tion 226f, with the lower 29 bits of the 53 bits of the out-
put of the mantissa correcting circuit 223 except for the
most significant bit, being masked in 0 so as to com-
plete the processing.

[0121] Then, a case, where the multiplicand and the
multiplier are the double precision format, and the prod-
uct is rounded into the double precision, will be
described with an operation flow chart of the double
precision multiplication shown in Fig. 20 and the
embodiment diagram of the addition and shift in the
double precision multiplication shown in Fig. 21. Fig. 20
shows operations for each of the processing steps of
the exponent adder 204, the exception detecting circuit
209, the multiplying unit 214, the mantissa adder 220,
the shifter 221, the mantissa correction circuit 223. Fig.
21 shows the embodiment of the detailed operation in
the mantissa adder 220 and the shifter 221 from among
them.

(1) Before Processing Step Start

[0122] The multiplicand and the multiplier at the dou-
ble precision are respectively accommodated in the
multiplicand register 201 and the multiplier register 202.
At this time, the multiplicand register exponent portion
201e and the multiplier register exponent portion 202e
are both converted into the biased expression (real
exponent value = value of exponent portion - 1023(10))
of the double precision.

(2) Step 1

[0123] The exponent of the multiplicand retained in
the multiplicard register exponent portion 201e by the
selector 205 is inputted into the A input of the exponent
adder 204, the exponent of the mulptiplier retained in
the multiplier register exponent 202e by the selector 206
is input into the B input of the exponent adder 204 so as
to effect the addition in the exponent adder 204 with the
carry input Cin being provided as 1. The most signifi-
cant bit of the addition result is inverted by the most sig-
nificant bit correcting circuit 207. The addition result with
the most significant bit being inverted is accommodated
in the latch 210. The fact that the value to be retained in
the latch 210 is the exponent of the product correctly
biased is proved in the description of the single preci-
sion multiplication. The latch 208 retains the overflow in
the exponent adder 204 at this time. The multiplicand
upper, lower selecting circuit 212 reads, outputs the
lower 27 bits of the multiplicand register mantissa por-
tion 201f (the value AL shown in Fig. 21 (a), the most
significant bit being 0). The multiplier upper, lower
selecting circuit 213 reads, outputs the lower 27 bits of
the multiplier register mantissa portion 202f (the value

BL shown in Fig. 21 (a), the most significant bit being 0).
The multiplying unit 214 executes the multiplication in
accordance with the inputs from the multiplicand upper,
lower selecting circuit 212 and the multiplier upper,
lower selecting circuit 213 so as to respectively accom-
modate the sun output and the carry output in the latch
215 and the latch 216. At the same time, in the sign gen-
erating circuit 203, the signs of the multiplicand and the
multiplier are read from the multiplicand register sign
portion 201s and the multiplier register sign portion
202s so as to take the exclusive or of both and generate
the sign of the product for accommodating it in the prod-
uct register sign portion 226s.

(3) Step 2

[0124] The mantissa adder 220 adds the sum output
(upper 2 bits and the least significant bit are 0) of the
multiplying unit 214 retained in the latch 215, the carry
output (upper 2 bits and the least significant bit are 0) of
the multiplying unit 214 retained in the latch 216 by the
selector 218, and the round addition value B the round
addition value generating circuit 217 generates by the
selector 219. The overflow from the mantissa adder 220
at this time is not caused. The shifter 221 shifts the out-
put of the mantissa adder 220 (W0, ..., W52, 0) by 26 bits
in the least significant bit direction (at this time 0 is filled
in the upper) so that the result (0, ..., 0, W0, ..., W27) are
accommodated in the latch 225. The value accommo-
dated in the latch 225 is the least significant partial
product. At the same time, the multiplicand upper, lower
selecting circuit 212 reads, outputs the lower 27 bits of
the multiplicand register mantissa portion 201f (the
value AL shown in Fig. 21 (a), the most significant bit is
0), the multiplier upper, lower selecting circuit 213
reads, outputs the upper 27 bits of
the multiplier register mantissa portion 202f (the value
BU shown in Fig. 21 (a)). The multiplying unit 214 exe-
cutes the multiplication in accordance with the inputs
from the multiplicand upper, lower selecting circuit 212
and the multiplier upper, lower selecting circuit 213 so
as to respectively accommodate the sum output and the
carry output in the latch 215 and the latch 216.

(4) Step 3

[0125] The mantissa adder 220 adds the sum output
(the most significant bit and the least significant bit are
0) of the multiplying unit 214 retained in the latch 215,
the carry output (the most significant bit and the least
significant bit are 0) of the multiplying unit 214 retained
in the latch 216 by the selector 218, and the output of
the shifter 221 (upper 26 bits are 0) retained at the latch
225 by the selector 219. The overflow from the mantissa
adder 220 is not caused at this time. The shifter 221 out-
puts the output of the mantissa adder 220 (X0, ..., X53),
as it is without shifting so as to accommodate it in the
latch 225. The value accommodated in the latch 225 is
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accumulated as far as the first intermediate partial prod-
uct. At the same time, the multiplicand upper, lower
selecting circuit 212 reads, outputs the upper 27 bits of
the multiplicand register mantissa portion 201f (the
value AU shown in Fig. 21 (a)), the multiplier upper,
lower selecting circuit 213 reads, outputs the lower 27
bits of the multiplier register mantissa portion 202f (the
value BL shown in Fig.
21 (a), the most significant bit is 0). The multiplying unit
214 executes the multiplication in accordance with the
inputs from the multiplicand upper, lower selecting cir-
cuit 212 and the multiplier upper, lower selecting circuit
213 so as to respectively accommodate the sum output
and the carry output in the latch 215 and the latch 216.

(5) Step 4

[0126] The mantissa adder 220 adds the sum output
(the most significant bit and the least significant bit are
0) of the multiplying unit 214 retained in the latch 215,
the carry output (the most significant bit and the least
significant bit are 0) of the multiplying unit 214 retained
in the latch 216 by the selector 218, and the output of
the shifter 221 retained at the latch 225 by the selector
219. The shifter 221 shifts the data of 55 bits (Y-1, Y0, ...,
Y53) consisted of the output of 54 bits (Y0, ..., Y53) with
the overflow of 1 bit (Y-1) from the mantissa adder 220
being added onto the most significant bit side by 26 bits
in the least significant bit direction (at this time, 0 is bur-
ied in the upper). The output of the mantissa adder 220,
so that the result (0, ..., 0, Y-1, Y0, ..., Y27) are accommo-
dated in the latch 225. The valuesaccommodated in the
latch 225 is accumulated so far as the second interme-
diate partial product. At the same time, the multiplicand
upper, lower selecting circuit 212 reads, outputs the
upper 27 bits of the multiplicand register mantissa por-
tion 201f (the value AU shown in Fig. 21 (a)), the multi-
plier upper, lower selecting circuit 213 reads, outputs
the upper 27 bits of the multiplier register mantissa por-
tion 202f (the value BU shown in Fig. 21 (a)). The multi-
plying unit 214 executes the multiplication in
accordance with the inputs from the multiplicand upper,
lower selecting circuit 212 and the multiplier upper,
lower selecting circuit 213 so as to respectively accom-
modate the sun output and the carry output in the latch
215 and the latch 216.

(6) Step 5

[0127] The mantissa adder 220 adds the sum output
(the least significant bit is 0) of the multiplying unit 214
retained in the latch 215, the carry output (the least sig-
nificant bit is 0) of the multiplying unit 214 retained in the
latch 216 by the selector 218, the output of the shifter
221 (the upper 25 bits are 0) retained at the latch 225 by
the selector 219. By the presence, absence of the over-
flow (Z-1) from the mantissa adder 220 at this time, one
of the following is executed.

• When the overflow exists from the mantissa adder
220, namely, when the product of the mantissa portion
is 2 or more

[0128] The shifter 221 shifts by 1 bit (at this time, 1 is
filled in the most significant bit), in the least significant
bit direction, the output from the mantissa adder 220 for
normalization. The exponent adder 204 adds the value
of the latch 210, the constant 1 the normalized correc-
tion value generating circuit 211 outputs by the selector
205 and the selector 206 so as to accommodate the
result into the product register exponent portion 226e.

• When the overflow from the mantissa adder 220 does
not exit, namely, when the product of the mantissa por-
tion is 1 or more and less then 2

[0129] The shifter 221 outputs as it is without shifting
the output from the mantissa adder 220 as the normali-
zation is not necessary. The exponent adder 204 out-
puts the value of latch 210 as it is by the selector 205
and the selector 206 so as to accommodate it into the
product register exponent portion 226e.
[0130] The value of the latch 208 is not allowed to
change. The exception detecting circuit 209 detects in
accordance with the following logic fomula the overflow
(OVF) and the underflow (UNF) of the product at the
double precision by the output (which is assumed to be
E0, ..., E10) of the exponent adder 204 and the value of
the latch 8 (which is assumed to be Ce).

wherein -X shows the inversion of X.
[0131] The sticky bit generating circuit 222 takes the
logical or of 52 bits with the shift overflow (W28, ..., W52,
0) from the least significant bit of 26 bits in the shifter
221 at the step 2, and the shift overflow (Y28, ..., Y53)
from the least significant bit of 26 bits in the shifter 221
at the step 4 being combined so as to make the sticky
bit output (S) 1 if a bit of 1 in value exists no more than
1 in 52 bits, and to make the sticky bit output (S) 0 if all
the bits of 52 bits are 0 in value. The mantissa correc-
tion control circuit 224 controls the mantissa correcting
circuit 223 in accordance with the bits of the 3rd bit
through the least significant bits (Z51, Z52, Z53) from the
least significant bit of the output of the mantissa adder
220, the sticky bit (S) the sticky bit generating circuit 222
outputs and the overflow ( ) in the mantissa
adder 220. The mantissa correcting circuit 223 inverts
the 2nd bit (R52) from the least significant of the output
of the shifter 221 if the column of the correction signal of
Fig. 17 (b) is 1. If the column is 0, the circuit effects to
output it without being inverted. At the same time, if the
column of the round adding signal of Fig. 17 (b) is 0, 53
bits of the output of the mantissa correcting circuit 223

OVF = Ceg -E 0 + E 0 g E 1 . ... . E 10

UNF = -Ce g E 0 + -(E 0 + E 1 + ... + E 10)

Cout= Z -1
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except for the least significant bit is accommodated in
the product register mantissa protion 226f so as to com-
plete the processing. If the column of the round addition
signal is 1, the output of the mantissa correction circuit
223 is accommodated in the latch 225, and thereafter,
the following insertion step is executed.

(6) Insertion Step ( only when the column of the round
addition signal is 1)

[0132] The mantissa adder 220 adds the round addi-
tion value C the round addition value generating circuit
217 generates by the selector 218 and the value the
latch 225 retains by the selector 219. At this time, the
overflwo from the mantissa adder 220 is not caused.
The shifter 221 outputs the output of the mantissa adder
220 as it is without being shifted, and the mantissa cor-
rection circuit 223 also outputs the ouput of shifter 22 as
it is without being bit inverted. Thereafter, the 53 bits of
the output of the mantissa correcting circuit 223 except
for the least significant bit is accommodated in the prod-
uct register mantissa portion 226f so as to complete the
processing.
[0133] According to the present embodiment as
described hereinabove, the subtraction of the bias value
is realized by the addition with the carry input Cin being
made 1 in the exponent adder 204 being made 1, and
the inversion of the most significant bit by the most sig-
nificant bit correcting circuit 7, and the biased exponent
portion of the product of the floating point format applied
as in the multiplicand and the multiplier may be obtained
with the single processing step, so that a step of correct-
ing the bias of the exponent portion is not required.
Also, the most significant bit correcting circuit 207 may
be realized briefly by the exclusive or gate of 1 bit and
the other special hardwares for bias correction are not
required, thus reducing the hardware.
[0134] According to the present embodiment, in the
mantissa portion, the addition of the round addition val-
ues or the addition for accumulating the partial products
and the addition of the sum output and the carry output
from the multiplying unit 214 are effected at the same
time by the mantissa adder 220. After the normalization
of the result by the shifter 221, the processing may be
completed in most cases. Even when the correction in
the mantissa correcting circuit 223 is necessary, the
processing may be completed without the increase in
the processing step number. Only when the addition of
the round addition values by the mantissa adder 220 is
made necessary again, the processing may be com-
pleted by the insertion of 1 step. The probability neces-
sary in the insertion of the 1 step is as extremely small
as two thirty-seconds (when it is assumed that the bit
pattern of the mantissa is evenly distributed). As the
result, in most case (thirty thirty-seconds in provability),
the processing step number necessary in the single
precision multiplication becomes as small as 2, the
processing step number necessary in the double preci-

sion multiplication becomes as small as 5. Since the
addition of the sum and the carry, the addition of the
round addition value or the addition for accumulating the
partial products are effected by the single mantissa
adder 220, the necessary hardwares are less as com-
pared with the conventional multiplying apparatus of the
floating point data.

[0135] Although the present embodiment provides the
example of realizing the rounding to nearest even
mode, the directed rounding toward plus mode, the
directed rounding toward minus mode and the directed
rounding toward zero mode may be also coped with
easily by change in the control of the round addition
value generating circuit 217 and the mantissa correction
control circuit 224. The operation on the round at these
modes is similar to that of the first embodiment, and the
inversion of the bit of the mantissa computation result
and the control of the insertion of the processing step
are effected in accordance with the control relation
charts of Fig. 4, Fig. 5 and Fig. 6.
[0136] In the present embodiment, although a case
where the multiplicand and the multiplier both are the
single precision format, and the product is rounded into
the single precision, and a case where the multiplicand
and the multiplier both are, the double precision format,
and the product is rounded into the double precision
have been described, the product rounded into the
given precision may be obtained by the corresponding
of the generation logic of the sticky bit in the sticky bit
generating circuit 222 into all the effective bits lower
than the round bit even in any combination of the preci-
sion of multiplicand and multiplier or any round preci-
sion of the product.
[0137] In the present embodiment, although in accord-
ance with the single precision, the double precision in
the round precision, the mantissa correction control cir-
cuit 224 inspects the bits of 23rd bit through the 25th bit
from the most significant bit of the output of the man-
tissa adder 220 or the bits of the 3rd bit through the least
significant bit from the least significant bit and the over-
flow of 1 bit from the most significant bit at the addition
time in the mantissa adder 220 and the sticky bit of 1 bit
the sticky bit generating circuit 222 outputs, and the
mantissa correction circuit 223 inverts the 24th bit or the
53rd bit from the most significant bit of the cutout of the
shifter 221, the inspected bit and the inverted bit may be
increased in the most significant bit direction. The prob-
ability necessary in the insertion of 1 step is halved for
each increase in one bit of the inspected bit and the
inverted bit, thus improving the computation speed.
[0138] Fig. 22 shows a block diagram of the division
apparatus of the floating point data in a fourth embodi-
ment of the present invention. In Fig. 22, reference
numeral 301 is a dividend register for retaining the divi-
dend, consisting of 1 bit of sign portion 301s, an expo-
nent portion 301e of 11 bits, and 53 bits of mantissa
portion 301f. Reference numeral 302 is a divisor regis-
ter for retaining the divisor, consisting of a sign portion
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302s of 1 bit, an exponent portion 302e of 11 bits and a
mantissa portion 302f of 53 bits. The most significant bit
of the dividend register mantissa portion 301f and the
divisor mantissa portion 302f is so-called "hidden bit"
each having the weight of 20, being 1 at the time of the
normalized number, the dividend register 301 and the
divisor register 302 are both in conformity with the dou-
ble precision format except for this bit. Reference
numeral 303 is a sign generating circuit for reading the
signs of the dividend and the divisor from the dividend
register sign portion 301s and the divisor register sign
portion 302s so as to generate the sign of the quotient,
reference numeral 304 is an exponent subtractor of 11
bits for reading the exponents of the dividend and the
divisor from the dividend register exponent portion 301e
and the divisor register exponent portion 302e so as to
compute the exponent of the quotient, the addition of
the A input, the B input with 1's complement being
taken, and the Cin as the carry input of 1 bit is effected.
Reference numerals 305 and reference numeral 306
are respectively selectors of 11 bits for selecting the two
inputs of the exponent subtractor 304, reference
numeral 307 is a most significant bit correcting circuit for
inverting the most signficant bit of the output of the
exponent subtractor 304, reference numeral 308 is a
latch of 1 bit for retaining the overflow from the most sig-
nificant bit at the addition time in the subtractor adder
304, reference numeral 309 is an exception detecting
circuit for detecting the overflow and the underflow of
the quotient with respect to the computation precision
detected from the value of the output of the exponent
subtractor 304 and the value of the latch 308, reference
numeral 310 is a latch of 11 bits for retaining the output
of the exponent subtractor 304 inverted in the most sig-
nificant bit by the most significant bit correcting circuit
307 so as to input them into the exponent subtractor
304 again through the selector 305, reference numeral
311 is a normalized correction value generating circuit
for generating the constant for reducing the exponent by
1 through the normalization of the 1 bit shift of the man-
tissa of the quotient, reference numeral 312 is a well
known art of mantissa computing unit for reading the
dividend register mantissa portion 301f and the divisor
register mantissa portion 302f so as to obtain the man-
tissa of the quotient, a signal whether or not it is
required to be normalized, reference numeral 313 is a
quotient register for retaining the quotient, consisting of
a sign portion 313s of 1 bit, an exponent portion 313e of
11 bits and a mantissa portion 313f of 53 bits. The most
significant bit of the quotient register mantissa portion
313f is a so-called "hidden bit" having the weight of 20,
is 1 at the time of the normalized number, and the quo-
tient register 313 except for this bit is in conformity with
the double precision format.

[0139] The division apparatus of the floating point data
in the present embodiment composed as described
hereinabove will be described in its operation hereinaf-
ter with the use of the operation flow chart of the division

shown in Fig. 23. Fig. 23 shows the operations for each
of the processing steps of the exponent subtractor 304,
the exception detecting circuit 309, the mantissa com-
puting unit 312.

(1) Before Processing Step Start

[0140] When the dividendand the divisor are the sin-
gle precision format, they are expanded at the double
precision format and are respectively accommodated in
the dividend register 301 and the divisor register 302.
When the dividend and the divisor are the double preci-
sion format, they are accommodated as they are into
the dividend register 301 and the divisor register 302. In
any case, the dividend register exponent portion 301e
and the divisor register exponent portion 302e are both
converted into the biased expression of the double pre-
cision (real exponent value = value of exponent portion
- 1023(10)).

(2) Step 1

[0141] The exponent of the dividend retained in the
dividend register exponent portion 301e is input into the
A input of the exponent subtracter 304 by the selector
305 , the exponent of the divisor retained in the divisor
register exponent 302e is input into the B input of the
exponent subtracter 304 by the selector 306 so as to
effect the addition of  in the exponent sub-
tracter 304 with the carry input Cin being provided as 0
(-B is 1's complement of B. At Cin = 0, this addition is
equivalent to ). The most significant bit of the
addition result is inverted by the most significant bit cor-
recting circuit 307. The addition result with the most sig-
nificant bit being inverted is accommodated in the latch
310. The fact that the value to be retained in the latch
310 is the exponent of the quotient correctly biased can
be proved as follows.

(Proof start)

[0142] In ANSI/IEEE Standard for Binary Floating-
Point Arithmetic P754, the bias value of the double pre-
cision is assumed as follows (-X is the inversion of X).

It may be transformed

wherein

A + -B + Cin

A - B - 1

bias = 011 1111 1111 (2)

ed = (e1-bias) - (e2 - bias) + bias

= e1 - e2 + bias

= e1 + - e2 + 1 + bias

= (e1 + -e2) + (bias + 1)

= (e1 + -e2 ) + 100 0000 0000 (2)
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e1: biased exponent portion of the dividend (11
bits)

e2: biased exponent portion of divisor (11 bits)
em: biased exponent portion of quotient (11 bits)

The addition of 100 0000 0000 (2) of the third term can
be realized with the inversion of the most significant bit.

(Proof end)

[0143] The latch 308 retains the overflow in the expo-
nent subtractor 304 at this time. The mantissa comput-
ing unit 312 reads the mantissas of the dividend and the
divisor from the dividend register mantissa portion 301f
and the divisor register mantissa portion 302f so as to
start the division. At the same time, in the sign generat-
ing circuit 203, the signs of the dividend and the divisor
are read from the divided register sign portion 301s and
the divisor register sign portion 302s so as to take the
exclusive or of both and generate the sign of the quo-
tient for accommodating it in the quotient register sign
portion 313s.

(3) Step 2

[0144] The mantissa computing unit 312 generates
the mantissa portion of the quotient and effects the
round. When the mantissa portion of the generated
quotient is a denormalized number, namely, the value is
0.5 or more and less than 1, the mantissa computing
unit 312 shifts the mantissa portion of the quotient gen-
erated by 1 bit in the most significant bit direction so as
to normalize it, and the exponent subtracter 304 sub-
tracts the constant 1 the normalized correction value
generating circuit 311 outputs from the value of the latch
310 by the selector 305 and the selector 306. When the
mantissa portion of the quotient generated is a normal-
ized number, namely, when the value is 1 or more and
less than 2, the mantissa computing unit 312 outputs
the mantissa portion of the quotient generated as it is,
and also, the exponent subtracter 304 also outputs the
value of the latch 310, as it is, by the selector 305. Even
in any case, the mantissa computing unit 312 accom-
modates the result with the lower 29 bits of the 53 bits of
the result except for the least significant bit being
masked in 0 when the round precision and the result of
53 bits except for the least significant bit when the round
precision is in the double precision in the quotient regis-
ter mantissa portion 313f. The exponent subtracter 304
accommodates the result into the quotient exponent
portion 313e. The value of the latch 308 is not allowed
to change. The exception detecting circuit 309 detects
in accordance with the following logic the overflow
(OVF) and the underflow (UNF) of the quotient by the
output (which is assumed to be E) of the exponent
adder 304 when the round precision is the single preci-
sion.

When the round precision is the double precision, in
accordance with the following logic formula, the over-
flow (OVF) and the underflow (UNF) of the quotient are
detected by the output (which is assumed to be E0, ...,
E10) of the exponent subtracter 304 and the value of the
latch 308 (which is assumed to be Ce) .

wherein -X shows the inversion of X.
[0145] According to the present embodiment as
described hereinabove, the addition of the bias value is
realized with the subtraction of the (exponent of divi-
dend) - (exponent of divisor) - 1 by the exponent sub-
tracter 304 with the carry input Cin being made 0, and
the inversion of the most significant bit with the most sig-
nificant bit correcting circuit 307, and the biased expo-
nent portion of the quotient of the floating point format
applied as in the dividend and the divisor may be
obtained with the single processing step, so that a step
of correcting the bias of the exponent portion is not
required. Also, the most significant bit correcting circuit
307 may be realized briefly by the exclusive or gate of 1
bit and the other special hardwares for bias correction
are not required, thus reducing the hardwares.
[0146] As described hereinabove, in accordance with
with the present invention, the processing step number
necessary to obtain the mantissa portion of the sum,
difference and the product of the floating point data
rounded with the specified round mode and the round
precision may be reduced. Also, as compared with the
conventional computing apparatus of the floating point
data, less hardwares may be realized, with larger
effects in the practical use.
[0147] According to the present invention, the
processing step number necessary to obtain the expo-
nent portion of the product and quotient of the bias cor-
rected floating point data may be reduced. Also, as
compared with the conventional computing apparatus of
the floating point data, less hardwares may be realized,
with larger effects in the practical use.
[0148] Although the present invention has been fully
described by way of example with reference to the
accompanying drawings, it is to be noted here that vari-
ous changes and modifications will be apparent to those
skilled in the art. Therefore, unless otherwise such
changes and modifications depart from the scope of the
present invention, they should be construed as included
therein.

if E≥128 (10) then OVF = 1 else OVF = 0

if E≤996 (10) then UNF = 1 else UNF = 0

OVF = Ceg -E 0 + E 0 g E 1 . ... . E 10

UNF = -Ce g E 0 + -(E 0 + E 1 + ... + E 10)
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It follows a list of further embodiments of the invention:

[0149]

Embodiment (1) An addition and subtraction
method of floating point data comprising the steps
of effecting either of simultaneously effecting the
addition of the first, second mantissas aligned to
the same exponent, and the addition of the round
addition value to be determined uniformly with the
round precision, the round mode and the computa-
tion result signs when the operation is the real man-
tissa addition which is an addition of the same sign
or a subtraction of the different sign in the computa-
tion of the floating point data, simultaneously effect-
ing the subtraction of the first, second mantissas
aligned to the same exponent, and the addition of
the round addition value uniformly determined by
the round precision, the rounding toward minus
mode the computing result sign when the operation
is the real mantissa subtraction which is a subtrac-
tion of the same sign or an addition of the different
sign in the floating point data, shifting the above
described computing result by 1 bit to normalize it
when the computing result is denormalized number
after the addition, subtraction of the above
described first, second mantissas and the round
addition values, inspecting a plurality of bits includ-
ing the least significant bit determined by the type of
the computation showing the real mantissa addition
or the real mantissa subtraction and the round pre-
cision from the normalized computing results after
the above described normalization, so as to judge
whether or not the above described normalized
computing result down to the above described least
significant bit to be determined by the round preci-
sion conforms with respect to the real mantissa
addition or the real mantissa subtraction of the first
mantissa and the second mantissa rounded into the
given precision, whether the carry into the upper
from the inspected bits conform, and only the
inspected bits do not conform, whether or not the
carry into the upper position from the inspected
bits, the bits upper from the inspected bits do not
conform, either, to effect, in accordance with the
above described judgment results, whether the
processing is completed, one portion or all the por-
tions of the inspected bits of the above described
normalized computation result is corrected so as to
complete the processing, or the above described
round addition value is added again with respect to
the above described normalized computing result
to complete the processing.
Embodiment (2) A method of addition, subtraction
of floating point data with the features of embodi-
ment 1, comprising the step of effecting an addition,
subtraction of the first, second mantissas and the
round addition values, an normalization of 1 bit

shift, and an inspection at one processing step, fur-
ther effecting the corrections of the partial or all the
inspected bits within the above described process-
ing step when the carry into the upper from the
inspected bits conforms, and only the inspected bits
do not conform, the readdition of the above
described round addition value with respect to the
above described normalized computing result is
effected with the new processing step being
inserted after the above described processing step
completion when the carry into the upper from the
inspected bits do not conform in.

Embodiment (3) A method of addition, subtraction
of floating point data with the features of embodi-
ment 1, comprising the step of effecting an addition
of the round addition value at the real mantissa
addition, as a numerical value with the bit having
the weight of the -24 power of 2 being 1, the other
bits being 0, when the round mode is the rounding
to nearest ever mode in the single precision which
has the fraction of twenty-three binary digits, when
the sign of the computation result is positive in the
directed rounding toward plus mode in the said sin-
gle precision or when the sign of the computation
result is negative in the directed rounding toward
minus mode in the said single precision, as a
numerical value with the bit having the weight of -53
power of 2 being 1, the other bits being 0 when the
round mode is rounding to nearest even mode in
the double precision which has the fraction of fifty-
two binary digits, when the sign of the computation
result is positive in the directed rounding toward
plus mode in the above described double precision
or when the signof computation result is negative in
the directed rounding toward minus mode in the
above described double precision, as a numerical
value with all the bits being 0 at the time except for
the above description.
Embodiment (4) A method of addition, subtraction
of floating point data with the features of embodi-
ment 1, comprising the step of effecting an addition
of the round addition value at the real mantissa
addition, as a numerical value with the bit having
the weight of the -23 power of 2 being 1, the other
bits being 0, when the round mode is in the single
precision which has the fraction of twenty-three
binary digits, when the sign of the computation
result is positive in the directed rounding toward
plus mode in the said single precision or when the
sign of the computation result is negative in the
directed rounding toward minus mode in the said
single precision, as a numerical value with the bit
having the weight of -52 power of 2 being 1, the
other bits being 0 mode when the round mode is in
the double precision which has the fraction of fifty-
two binary digits, when the sign of the computation
result is positive in the directed rounding toward
plus mode in the above described double precision

63 64

5

10

15

20

25

30

35

40

45

50

55



EP 0 973 089 A2

34

or when the signof computation result is negative in
the directed rounding toward minus mode in the
above described double precision, as a numerical
value with all the bits being 0 at the time except for
the above description.

Embodiment (5) A method of addition, subtraction
of floating point data with the features of embodi-
ment 1, comprising the step of effecting an addition
of the round addition value at the real mantissa
addition, as a numerical value with the bit having
the weight of the -24 power of 2 being 1 and the bit
having the weight smaller than it being 1, the other
bits being 0, when the round mode is in the single
precision which has the fraction of twenty-three
binary digits, when the sign of the computation
result is positive in the directed rounding toward
plus mode in the said single precision or when the
sign of the computation result is negative in the
directed rounding toward minus mode in the said
single precision, as a numerical value with the bit
having the weight of -53 power of 2 being 1 and the
bit having the weight smaller than it being 1, the
other bits being 0 when the round mode is in the
double precision which has the fraction of fifty-two
binary digits, when the sign of the computation
result is positive in the directed rounding toward
plus mode in the above described double precision
or when the signof computation result is negative in
the directed rounding toward minus mode in the
above described double precision, as a numerical
value with all the bits being 0 at the time except for
the above description.
Embodiment (6) A method of addition, subtraction
of floating point data with the features of embodi-
ment 1, comprising the step of effecting an addition
of the round addition value at the real mantissa sub-
traction, as a numerical value with the bit having the
weight of -25 power of 2 being 1, the other bits
being 0 when the round mode is the rounding to
nearest even mode in the single precision which
has the fraction of twenty-three binary digits, when
the sign of the computation result is positive in the
directed rounding toward plus mode in the said sin-
gle precision or when the sign of the computation
result is negative in the directed rounding toward
minus mode in the said single precision, as a
numerical value with the bit having the weight of -54
power of 2 being 1, the other bits being 0 when the
round mode is the rounding to nearest ever mode in
the double precision which has the fraction of fifty-
two binary digits, when the sign of the computation
result is positive in the directed rounding toward
plus mode in the said double precision or when the
sign of the computation result is negative in the
directed rounding toward minus mode in the said
double precision, as a numerical value with all the
bits being 0 at the time except for the above
description.

Embodiment (7) A method of addition subtraction of
floating point data with the features of embodiment
1, comprising the step of effecting an addition of the
round addition value at the real mantissa subtrac-
tion, as a numerical value with the bit having the
weight of -24 power of 2 being 1, the other bits
being 0 when the round mode is in the single preci-
sion which has the fraction of twenty-three binary
digits, when the sign of the computation result is
positive in the directed rounding toward plus mode
in the said single precision or when the sign of the
computation result is negative in the directed
rounding toward minus mode in the said single pre-
cision, as a numerical value with the bit having the
weight of -53 power of 2 being 1, the other bits
being 0 when the round mode is in the double pre-
cision which has the fraction of fifty-two binary dig-
its, when the sign of the computation result is
positive in the directed rounding toward plus mode
in the said double precision or when the sign of the
computation result is negative in the directed
rounding toward minus mode in the said double
precision, as a numerical value with all the bits
being 0 at the time except for the above description.

Embodiment (8) A method of addition, subtraction
of floating point data with the features of embodi-
ment 1, comprising the step of effecting an addition
of the round addition value at the real mantissa sub-
traction, as a numerical value with the bit having the
weight of -25 power of 2 being 1 and the bit having
the weight smaller than it being 1, the other bits
being 0 when the round mode is in the single preci-
sion which has the fraction of twenty-three binary
digits, when the sign of the computation result is
positive in the directed rounding toward plus mode
in the said single precision or when the sign of the
computation result is negative in the directed
rounding toward minus mode in the said single pre-
cision, as a numerical value with the bit having the
weight of -54 power of 2 being 1 and the bit having
the weight smaller than it being 1, the other bits
being 0 when the round mode is in the double pre-
cision which has the fraction of fifty-two binary dig-
its, when the sign of the computation result is
positive in the directed rounding toward plus mode
in the said double precision or when the sign of the
computation result is negative in the directed
rounding toward minus mode in the said double
precision, as a numerical value with all the bits
being 0 at the time except for the above description.
Embodiment (9) A method of addition, subtraction
of floating point data with the features of embodi-
ment 1, comprising the steps of effecting an inspec-
tion of the normalized computation results after the
normalization, where the inspected bits are three
bits having the weights of -22 power of 2, -23 power
of 2 and -24 power of 2, and one bit which is the log-
ical or of bits having the weight smaller than them
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when the operation of the floating point data is the
real mantissa addition, and the round precision is
the single precision which has the fraction of
twenty-three binary digits, three bits having the
weights of -51 power of 2, -52 power of 2 and -53
power of 2, and one bit which is the logical or of bits
having the weight smaller than them when the oper-
ation of the floating point data is the real mantissa
addition, and the round precision is the double pre-
cision which has the fraction of fifty-second binary
degits, the three bits having the weights of -23
power of 2, -24 power of 2 and -25 power of 2, and
one bit which is the logical or of bits having the
weight smaller than them at the real mantissa sub-
fraction, and at the said single precision, the three
bits having the weights of -52 power of 2, -53 power
of 2 and -54 power of 2, and one bit which is the log-
ical or of bits having the weight smaller than them at
the real mantissa subfraction, and at the said dou-
ble precision.

Embodiment (10) A method of addition, subtraction
of floating point data with the features of embodi-
ment 1, comprising the step of effecting a correction
where the corrected bits are a bit having the weight
of -23 power of 2 or bits having the weights of -22
power of 2 and -23 power of 2 in the single precision
which has the fraction of twenty-third binary digits, a
bit having the weight of -52 power of 2 or bits having
the weights of -51 power of 2 and -52 power of 2 in
the double precision which has the fraction of fifty-
second binary digits.
Embodiment (11) An adding, subtracting method of
floating point data comprising the steps of effecting
one of subtraction of the first and second mantissas
aligned into the same exponent when the computa-
tion of the floating point data is in the real mantissa
subtraction which is at the subtraction of the same
sign or at the addition of the different signs and the
exponent difference of the floating point data is 0 or
1, effecting the shifting, normalizing operations with
respect to the computing results when the compu-
tation result is non-normalized numbers or adding
the round addition value determined uniformly by
the round precision and the round mode to com-
plete the processing when the computation results
are normalized numbers.
Embodiment (12) A method of addition, subtraction
of floating point data with the features of embodi-
ment 11, comprising the steps of effecting the sub-
traction of the first, second mantissas at one
processing step, effecting the normalization with
respect to the computing result or the addition of
the round addition value through the insertion of the
new processing step after the above described
processing step completion.
Embodiment (13) A multiplying method of the float-
ing point data comprising the steps of effecting an
operation of obtaining an larger value by 1 to a

value with an exponent portion of the multiplicand
of the floating point data having the deflected expo-
nent portion and the exponent portion of the multi-
plier of the same floating point data being added,
inverting the most significant bit of the operation
results after the operation so as to obtain by a sin-
gle processing step the exponent portion of the
product of the floating point data deflected as in the
multiplicand and the multiplier.

Embodiment (14) A multiplying method of the float-
ing point data comprising the steps of dividing
between the sum and the carry, obtaining the prod-
uct by multiplying the respective mantissa portions
of the multiplicand of the floating point data and the
the multiplier, adding, computing the sum and the
carry, after the multiplication, and the round addi-
tion value to be determined uniformly by the round
precision, the round mode and the signs of the mul-
tiplicand and the multiplier, shifting, normalizing the
operation by 1 bit when the operation results are
the non-normalized numbers after the operation
inspecting a plurality of bits including the least sig-
nificant bits to be determined by the round precision
from among the operation results normalized after
the normalization so as to judge whether or not up
to the least significant bit fixed by the the round pre-
cision from among the normalized operation results
conforms with respect to the product of the man-
tissa of the multiplicand rounded to the given preci-
sion and the product of the mantissa of the
multiplier, whether the carry to the upper from the
inspected bit conforms, but the inspected bit only
does not conform, whether the carry to the upper
position from the inspected bit does not conform,
the upper bit from the inspected bit does not, either,
so as to effect whether or not the processing is
completed in accordance with the judging results,
whether or not one portion or all the portions of the
bits inspected with respect to the above described
normalized operatoin results are corrected to com-
plete the processing, the round addition values are
added again with respect to the normalized opera-
tion results to complete the processing.
Embodiment (15) A method of multiplying floating
point data with the features of embodiment 14,
comprising the steps of effecting the addition of the
sun, the carry, the round addition value, the normal-
ization of 1 bit shift and the inspection in one
processing step, further effecting the correction of
the partial portion or all the portions of the
inspected bit within the processing step when the
carrying into the upper from the inspection bit is
conformed to, and the the inspected bit only is not
conformed with the results of the a inspection,
effecting the readdition of the round addition value
with respect to the normalized operation results
through the insertion of the new processing step
after the processing step completion with the carry-
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ing into the upper from the inspection bit with the
results of the inspection results is not conformed to.

Embodiment (16) A method of multiplying floating
point data with the features of embodiment 14,
comprising the steps of having the round addition
value as a numeral value with a bit having the
weight of -24 power of 2 being 1, the other bit being
0 in the single precision having the twenty-three
places of the decimals binary in the round precision
and in the latest even rounding toward plus mode
when the signs of the operation results are positive
in the directed round mode with the single precision
or when the signs of the operation results are neg-
ative in the directed round mode with the single pre-
cision sign, a numerical value with a bit having the
weight of -53 power of 2 being 1, the other bit being
0 in the double precision having down to fifty-two
places of the decimal binary in the round precision,
and in the latest even rounding toward plus mode
when the signs of the operation results are positive
in the directed round mode in the double precision
or when the output signs are negative in the
directed round mode in the double precision, all the
bits are 0 in numerical value at the time except for
the above description.
Embodiment (17) A method of multiplying floating
point data with the features of embodiment 14,
comprising the steps of having the round addition
value as a numeral value with a bit having the
weight of -23 power of 2 being 1, the other bit being
0 in the single precision having the twenty-three
places of the decimals binary in the round precision
when the signs of the operation results are positive
in the directed rounding toward plus mode when the
signs of the operation results are negative in the
directed round mode in the single precision, a
numerical value with a bit having the weight of -52
power of two being 1, the other bit being 0 in the
double precision having down to fifty-two places of
the decimal binary in the round precision, when the
signs of the operation results are positive in the
directed rounding toward plus mode when the out-
put signs are negative in the directed round mode in
the double precision, all the bits are 0 in numerical
value at the time except for the above description.
Embodiment (18) A method of multiplying floating
point data with the features of embodiment 14,
comprising the steps of having the round addition
value as a numeral value with a bit having the
weight of -24 power of 2, a bit having the weight
smaller than it being 1, the other bit being 0 in the
single precision having the twenty-three places of
the decimals binary in the round precision when the
signs of the operation results is positive in the
directed rounding toward minus mode or when the
signs of the operation results are negative in the
directed round mode in the single precision, a
numerical value with a bit having the weight of -53

power of 2, a bit having the weight smaller than it
being 1, the other bit being 0 in the double precision
having down to fifty-two places of the decimal
binary in the round precision, when the signs of the
operation results are positive in the directed round
mode in the double precision or when the output
signs are negative in the directed round mode in the
double precision, all the bits are 0 in numerical
value at the time except for the above description.

Embodiment (19) A method of multiplying floating
point data with the features of embodiment 14,
comprising the steps of having an inspection bit of
the normalized operation results after the normali-
zation as 3 bits having the weights of -22 power of
two, -23 power of 2 and -24 power of 2, and a 1 bit
which has took the logical or of each bit having the
weight smaller than it at the single precision having
down to twenty-three places of decimals binary in
the round precision, 3 bits having the weights of -51
power of 2, -52 power of 2 and -53 power of 2, and
a 1 bit which has took the logical or of each bit hav-
ing the weight smaller than it and the round preci-
sion is at the double precision having down to fifty-
second places of decimals binary in the round pre-
cision.
Embodiment (20) A method of multiplying floating
point data with the features of embodiment 14,
comprising the steps of having a correcting bit in
accordance with the judgment results as a bit hav-
ing the weight of -23 power of 2 or a bit having the
weights of -22 power of 2 and -23 power of 2 in the
single precision having down to twenty-three places
of decimals binary in the round precision, a bit hav-
ing the weight of -52 power of 2 or a bit having the
weights of -51 power of 2 and -52 power of 2 in the
double precision having down to fifty-two places of
decimals binary in the round precision.
Embodiment (21) A multiplying method of the float-
ing point data comprising the steps of effecting the
computation of obtaining a value smaller by 1 as a
value reduced in the exponent portion of the divisor
of the floating point type from the exponent portion
of the dividend of the floating point type having the
biased exponent portion, inverting the most signifi-
cant bit of the operation results after the operations
so as to obtain by a single processing step the
exponent portion of the quotient of the floating point
type deflected as in the multiplicand and the above
described multiplier.
Embodiment (22) An adding, subtracting apparatus
of floating point data comprising a round addition
value generating means for generating the round
addition value determined uniformly by the type of
the operation showing the either of the real man-
tissa addition which is the addition of the same sign
in the computation of the floating point data or the
subtraction of the different sign or the real mantissa
subtraction which is the subtraction of the same
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sign or the addition of the different sign, the round
precision, the round mode, the sign of the comput-
ing result, a mantissa addition, subtraction execut-
ing means for simultaneously effecting the first,
second mantissa addition aligned to the same
exponent at the real mantissa addition, the addition
of the above described addition result and the
round addition value the above described round
addition value generating means generates, simul-
taneously effecting the first, second mantissa sub-
traction aligned to the same exponent at the real
mantissa subtraction, the addition of the above
described addition result and the round addition
value the above described round addition value
generating means generates, a normalization
means for shifting the above described computation
result to effect the normalizing when the computa-
tion result by the above described mantissa addi-
tion, subtraction executing means is a
denormalized number, a computation results
inspecting means for inspecting a plurality of bits
including the least significant bit fixed by the round
precision from among the output of the above
described normalization means so as to judge
whether or not the outputs of the above described
normalizing means down to the above described
least significant bit to be determined by the round
precision conforms with respect to the real man-
tissa addition or the real mantissa subtraction of the
first mantissa and the second mantissa rounded to
the given precision, whether or not the carry into the
upper from the inspected bits conforms, but the
inspected bits only do not conform, whether or not
the carry into the upper from the inspected bits, the
bits to the upper from the inspected bits do not con-
form, either, a round correcting means for correct-
ing one portion or all the portions of the bits the
above described computing result inspecting
means inspected with respect to the output of the
above described normalization means.

Embodiment (23) An adding, subtracting apparatus
of floating point data with the features of embodi-
ment 22, wherein an addition, subtraction of the
first, second mantissas and round addition values
in the mantissa addition, subtraction executing
means, an normalization in the normalizing means
and an inspection in the operation result inspecting
means are effected at one machine cycle step, the
partial or all the corrections of the inspected bits in
the round correcting means are further effected
within the machine cycle when the carrying into the
upper from the inspection bit conforms, with only
the inspected bit does not conform as the results of
the inspection, the readdition of the round addition
value in the mantissa addition, subtraction execut-
ing means is effected through the insertion of the
new machine cycle after the machine cycle when
the carrying into the upper from the inspection bit

does not conform with the results of the inspection.

Embodiment (24) An adding, subtracting apparatus
of floating point data with the features of embodi-
ment 22, wherein the round addition value to be
generated by the round addition value generating
means is a numeral value with a bit having the
weight of -24 power of 2 being 1, the other bit being
0 when the operation of the floating point data is the
real mantissa addition, in the single precision hav-
ing the twenty-three places of the decimals binary
in the round precision and the latest even round
mode when the signs of the operation result is pos-
itive in the directed rounding toward plus mode in
the single precision or when the signs of the opera-
tion result is negative in the directied rounding
toward minus mode in the above single precision, a
numerical value with a bit having the weight of -53
power of 2 being 1, the other bits being 0 in the dou-
ble precision having down to fifty-two places of the
decimal binary in the round precision, and in the lat-
est even round mode or when the signs of the oper-
ation result is directed rounding toward plus mode
in the double precision or the output signs are neg-
ative in the directed rounding toward minus mode in
the double precision, a numerical value with a bit
having the weight of -25 power of 2 being 1, the
other bits being 0 when the operation of the floating
point data is at the real mantissa, in the latest even
round mode with the round precision being the sin-
gle precision, or when the signs of the operation
result is positive in the directed rounding toward
plus mode with the single precision and the signs of
the operation results are negative in the directed
rounding toward minus mode with the single preci-
sion, a numerical value with a bit the weight of -54
power of 2 being 1, the other bits being 0 when the
round precision is the double precision and in the
latest even round mode or when the signs of the
operation result is positive in the directed rounding
toward plus mode with the double precision or the
signs of the operation result is negative in the
directed rounding toward minus mode with the dou-
ble precision, a numeral value with all the bits being
0 at the time except for the above description.
Embodiment (25) An adding, subtracting apparatus
of floating point data with the features of embodi-
ment 22, wherein the round addition values to be
generated by the round addition value generating
means are a numeral value with a bit having the
weight of -23 power of 2 being 1, the other bits
being 0 when the operation of the floating point data
is the real mantissa addition, when the signs of the
operation result is positive in the directed rounding
toward plus mode in the single precision having the
twenty-three places of the decimals binary in the
round precision or when the signs of the operation
results are negative in the directed rounding toward
minus mode in the single precision, a numerical
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value with a bit having the weight of -52 power of 2
being 1, the other bit being 0 when the signs of the
operation result is positive in the directed rounding
toward plus mode with the double precision having
down to fifty-two places of the decimal binary in the
round precision, and the output signs are negative
in the directed rounding toward minus mode in the
double precision, a numerical value with a bit hav-
ing the weight of -24 power of 2, the other bits being
0 when the operation of the floating point data is at
the real mantissa subtraction, when the signs of the
operation results are positive in the directed round-
ing toward plus mode with the round precison being
the single precision, or when the signs of the oper-
ation result is negative in the directed rounding
toward minus mode with the single precision, a
numerical value with a bit having the weight of -53
power of 2 being 1 and the other bits being 0 , when
the signs of the operation result is positive in the
directed rounding toward plus mode with the round
precsion being the double precision or when the
output signs are negative in the directed rounding
toward minus mode with the double precision, all
the bits are 0 in numeral value at the time except for
the above description.

Embodiment (26) An adding, subtracting apparatus
of floating point data with the features of embodi-
ment 22, wherein the round addition value for gen-
erating the round addition value generating means
is a numerical value with a bit having the weight of -
24 power of 2 and a bit having the weight smaller
than it being 1, the other bit being 0 when the oper-
ation of the floating point data is the real mantissa
addition, when the signs of the operation results are
positive in the directed rounding toward plus mode
and the single precision having the twenty-three
places of the decimals binary in the round precision
or when the signs of the operation result is negative
in the directed rounding toward minus mode and in
the above single precision, a numerical value with a
bit having the weight -53 power of 2 and a bit having
the weight smaller than it being 1, the other bits
being 0 when the operation of the flaoting point data
is the real mantissa subtraction, when the signs of
the operation result is positive in the directed round-
ing toward plus mode and in the double precision
having down to fifty-two places of the decimal
binary in the round precision, or when the output
signs are negative in the directed rounding toward
minus mode in the double precision, a numerical
value with a bit having the weight of -25 power of 2
and a bit having the weight smaller than it being 1,
the other bits being 0 when the operation of the fla-
oting point data is the real mantissa subtactionm
when the signs of the operation results are positive
in the directed rounding towards plus mode in the
single precision, or when the signs of the operation
result is negative in the directed rounding toward

minus mode in the single precision, a numerical
value with a bit having the weight of -54 power of 2,
and a bit having the weight smaller than it being 1,
the other bits being 0 when the signs of the opera-
tion result is positive in the directed rounding toward
plus mode with the round precision being the dou-
ble precision, or when the output signs are negative
in the directed rounding toward minus mode in the
double precisdion, all the bits are 0 in numeral value
at the time except for the above description.

Embodiment (27) An adding, subtracting apparatus
of floating point data with the features of embodi-
ment 22, wherein an inspection bit by the operation
result inspecting means show 3 bits having the
weights of -22 power of 2, -23 power of 2 and -24
power of 2, and a 1 bit which has took the logical or
of bit having the weight smaller than it when the
operation of the floating point data is in the real
mantissa addition, and the round precision is at the
single precision having down to twenty-three places
of decimals binary in the round precision, 3 bits
having the weights of -51 power of 2, -52 power of
2, and -53 power of 2, and a 1 bit which has took the
logical or of bit having the weight smaller than it
when the operation of the floating point data is in
the real mantissa addition, and the round precision
is at the double precision having down to fifty-two
places of decimals binary in the round precision, 3
bits having the weights of -23 power of 2, -24 power
of 2 and -25 power of 2, and a 1 bit which has took
the logical or of bit having the weight smaller than it
at the real mantissa addition, and at the single pre-
cision, 3 bits having the weights of -52 power of 2, -
53 power of 2 and -54 power of 2, and a 1 bit which
has took the logical or of each bit having the weight
smaller than it at the real mantissa subtraction, and
at the double precision.
Embodiment (28) An adding, subtracting apparatus
of floating point data with the features of embodi-
ment 23, wherein a correcting bit by a correcting
means is a bit having the weight of - 23 power of 2
or a bit having the weights of -22 power of two and
-23 power of 2 in the single precision having down
to twenty-three places of decimals binary in the
round precision, a bit having the weight of -52
power of 2 or a bit having the weights of -51 power
of 2 and -52 power of 2 in the double precision hav-
ing down to fifty-second places of decimals binary
in the round precision.
Embodiment (29) An addition, subtraction appara-
tus of the floating point data comprising a mantissa
subtraction executing means for effecting the sub-
traction of the first, second mantissas aligned to the
same exponent, a normalization means for shifting
the operation result so as to effect the normalization
when the computation result by the mantissa sub-
traction executing means are the denormalized
number, a round addition means for adding the
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round addition values determined uniformly by the
round precision and the round mode with respect to
the operation result when the operation result by
the mantissa subtraction executing means are nor-
malized numbers, when the operation of the floating
point data is in the real mantissa subtraction which
is at the subtraction of the same signs or at the
addition of the different signs and the exponent dif-
ference of the floating point data is 0 or 1, one
processing of the normalizing and the rounding is
effected with respect to the operation result.

Embodiment (30) An addition, subtraction appara-
tus of the floating point data with the features of
embodiment 29, where the subtraction of the first,
second mantissas in the mantissa subtraction exe-
cuting means is effected in one machine cycle, the
normalization in the normalizing means or the addi-
tion of the round addition values in the round adding
means is effected through the insertion of the new
machine cycle after the machine cycle completion.
Embodiment (31) A multiplying apparatus of float-
ing point data comprising an exponent adding
means for obtaining the value where 1 is added to
the stun of the respective exponent portions of the
multiplicand and the multiplier of the floating type
having the deflected exponent portion, a most sig-
nificant bit correcting means for inverting the most
significant bit of the output of the exponent adding
means, the addition of the exponent values of the
two floating point data and the deflection correction
are effected at the same time so as to obtain the
exponent portion of the product of the floating point
type deflected as in the multiplicand and the multi-
plier.
Embodiment (32) A multiplying apparatus of float-
ing point data comprising an exponent adding
means for obtaining the value where 1 is added to
the sum of the respective exponent portions of the
multiplicand and the multiplier of the floating point
type having the deflected exponent portion, a most
significant bit correcting means for inverting the
most significant bit of the output of the exponent
adding means, a normalized exponent correcting
means for adding, subtracting the numbers equal to
the shift bit numbers for normalizing the product of
the respective mantissa portions of the multiplicand
and the multiplier with respect to the output of the
exponent adding means with the most significant bit
being inverted by the most significant bit correcting
means, an exceptional detecting means for detect-
ing the overflow and the underflow of the product by
the carry output showing the carry from the most
significant bit of the exponent adding means and
the output from the normalized exponent correcting
means, the addition of the exponent values of the
two floating point data and the deflection correction
are effected at the same time so as to obtain the
exponent portion of the product of the floating point

type deflected as in the multiplicand and the multi-
plier, further the overflow and the underflow of the
product from the computation precision specified in
advance after the normalization of the mantissa
portion of the product are detected.

Embodiment (33) A multiplying apparatus of float-
ing point data comprising a multiplying apparatus of
the floating point data comprising a mantissa multi-
plying means wherein the bit widths of two inputs
are both equal to the lengths of the mantissa por-
tions of the multiplicand and the multiplier of the
floating point type or are longer than the length of
the mantissa portion so as to output the sum and
the carry of the bit width twice as at least much as
the input with respect to the input, a round adding
value generating means for generating the round
addition value fixed uniformly by the round preci-
sion, the round mode and the signs of the two float-
ing point data, a mantissa adding means for
simultaneously effecting the addition of three ele-
ments, namely, the sum output of the mantissa mul-
tiplying means, the carry output and the round
addition value from the round addition value gener-
ating means, a normalizing means for shifting the
operation results to normalize them when the oper-
ation results by the mantissa adding means are dis-
normalized numerals, a operation result inspecting
means for inspecting a plurality of bits including the
least significant bit determined by the round preci-
sion from among the outputs of the normalizing
means so as to judge whether or not down to the
least significant bit determined by the round preci-
sion from among the output of the normalizing
means conforms with respect to the products of the
mantissa of the multiplicand and the mantissa of
the multiplier rounded to the given precision,
whether or not the carry to the upper from the
inspected bit conforms, but the inspected bit only
do not conform, whether or not the carry to the
upper from the expected bit and the bit of the upper
from the inspected bits do not conform, a round cor-
recting means for correcting one portion or all the
portions of the bits the operation results inspecting
means inspected with respect to the normalizing
means, the sum of three, the sum output, obtained
through the inputting operation of the respective
mantissa portions of the multiplicand and the multi-
plier of the floating point type into the mantissa mul-
tiplying means, the carry output and the round
addition value from the round addition value gener-
ating means, are obtained by the mantissa adding
means, the results are normalized in the normaliz-
ing means, thereafter the processing is completed
when the operation result inspecting means has
judged to conform with respect to the mantissa of
the product rounded to the given precision as far as
the the least significant bit to be fixed by the round
precision out of the output of the normalized
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means, the partial or all the corrections of the out-
puts of the normalized means by the round correct-
ing means are effected so as to complete the
processing when the operation results inspecting
means has judged that the carrying upper from the
inspected bit conforms, but the inspected bit only
does not conform, the round addition values are
again added so as to complete the processing by
the round adding value generating means and the
mantissa adding means with respect to the output
of the normalizing means when the operation result
inspecting means has judged that the carrying to
the upper from the inspected bit, the bit upper from
the inspected bit do not conform, either.

Embodiment (34) A multiplying apparatus of float-
ing point data with the features of embodiment 33,
wherein the addition of the sum output, the carry
output and the round addition value in the mantissa
addition means, an normalization in the normalizing
means and bit shift, and an inspection in the opera-
tion result inspecting means are effected at one
machine cycle, the partial or all the corrections of
the inspected bits in the round correcting means
are further effected within the machine cycle when
the carrying into the upper from the inspection bit
conforms, with only the inspected bit does not con-
form as the result of the inspection, the readdition of
the round addition value in the mantissa addition
means is effected through the insertion of the new
machine cycle after the completion of the machine
cycle when the carrying into the upper from the
inspection bit does not conform with the results of
the inspection.
Embodiment (35) A multiplying apparatus of float-
ing point data with the features of embodiment 33,
wherein the round addition value to be generated
by the round addition value generating means is a
numeral value with a bit having the weight of -24
power of 2 being 1, the other bits being 0 in the sin-
gle precision having the twenty-three places of the
decimals binary in the round precision and in the
latest even round mode when the signs of the oper-
ation result is positive in the directed rounding
toward plus mode and in the single precision, or
when the signs of the computation result is negative
in the directed rounding toward minus mode in the
above single precision, a numerical value with a bit
having the weight of -53 power of 2 being 1, the
other bit being 0 in the double precision having
down to fifty-two places of the decimal binary in the
round precision, and in the latest even round mode
when the signs of the operation results are positive
in the directed rounding toward plus mode in the lat-
est even rounding toward minus mode or the output
signs are negative in the directed rounding toward
minus mode in the double precision, a numerical
value with all the bits being 0 except for the above
description.

Embodiment (36) A multiplying apparatus of float-
ing point data with the features of embodiment 33,
wherein the round addition values to be generated
by the round addition value generating means is a
numeral value with a bit having the weight of -23
power of 2 being 1, the other bits being 0 in the sin-
gle precision having the twenty-three places of the
decimals binary in the round precision when the
signs of the operation results is positive in the
directed rounding toward plus mode when the signs
of the operation result is negative in the directed
rounding toward minus mode in the single preci-
sion, a numerical value with a bit having the weight
of -52 power of 2 being 1, the other bits being 0 in
the double precision having down to fifty-two places
of the decimal binary in the round precision when
the signs of the operation result is positive in the
directed rounding toward plus mode in the double
precision, or when the output signs are negative in
the directed rounding toward minus mode in the
double precision, a numerical value with all the bits
being 0 except for the above description.

Embodiment (37) A multiplying apparatus of float-
ing point data with the features of embodiment 33,
wherein the round addition value to be generated
by the round addition value generating means are a
numeral value with a bit having the weight of -24
power of 2, a bit having the weight smaller than it
being 1, the other bit being 0 in the single precision
having the twenty-three places of the decimals
binary in the round precision when the signs of the
operation result is positive in the directed rounding
toward plus mode when the signs of the operation
result is negative in the directed rounding toward
minus mode in the single precision, a numerical
value with a bit having the weight of -53 power of 2,
a bit having the weight smaller than it being 1, the
other bits being 0 in the double precision having
down to fifty-two places of the decimal binary in the
round precision, when the signs of the operation
results are positive in the directed rounding toward
plus mode in the double precision or when the out-
put signs are negative in the directed rounding
toward minus mode in the double precision, a
numerical value with all the bits being 0 except for
the above description.
Embodiment (38) A multiplying apparatus of float-
ing point data with the features of embodiment 33,
wherein an inspection bit by the operation results
inspecting means show 3 bits having the weight of -
22 power of 2, -23 power of two and -24 power of 2,
and a 1 bit which has taken the logical or of each bit
having the weight smaller than it, and 3 bits having
the weight of -51 power of 2, -52 power of 2, and -
53 power of 2, and a 1 bit which has taken the logi-
cal or of bit having the weight smaller than it in the
double precision having down to fifty-two places of
decimals binary in the double precision.
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Embodiment (39) A multiplying apparatus of float-
ing point data with the features of embodiment 33,
wherein a correcting bit by a correcting means is a
bit having the weight of -23 power of 2, a bit having
the weights of -22 power of 2 and -23 power of 2 in
the single precision having down to twenty-three
places of decimals binary in the round precision, a
bit having the weight of -52 power of 2, a bit having
the weights of -52 power of 2 or a bit having the
weights of -52 of 2 in the double precision having
down to fifty-two places of decimals binary in the
round precision.

Embodiment (40) A multiplying apparatus of float-
ing point data comprising a multiplicand means for
retaining the mantissa portions of the multiplicand
of the floating point type, a multiplier retaining
means for retaining the mantissa portion of the mul-
tiplier of the floating point type, a mantissa multiply-
ing means for outputting where at least one input bit
width from two inputs is shorter than the length of
the mantissa portion of the multiplicand and the
multiplier so as to output the sum and the carry of
the bit width at least twice as much as the input with
respect to the input, a partial multiplicand selecting
means for dividing the most significant bit of the
mantissa portion of the multiplicand through the
least significant bit retained in the multiplicand
retaining means into the partial mantissa portion of
the bit width of the multiplicand input of the plurality
of mantissa multiplying means when the bit width of
the multiplicand input of the mantissa multiplying
means is shorter than the length of the mantissa
portion of the multiplicand, a partial multiplier
selecting means for dividing the most significant bit
of the mantissa portion of the multiplier retained in
the multiplier retaining means through the least sig-
nificant bit into the partial mantissa portion of the bit
width of the multiplier input of the plurality of man-
tissa multiplying means when the bit width of the
multiplier input of the mantissa multiplying means is
shorter than the length of the mantissa portion of
the multiplier so as to select, output one for each of
the processing steps from among them, an addition
value generating means for generating the round
addition value determined uniformly by the round
precision, the round mode and the signs of the two
floating point data, a mantissa adding means for
effecting simultaneously the addition of the three of
the sum output, the carry output of the mantissa
multiplying means and the round addition value
from the round addition value generating means at
the first step of the processing so as to generate the
first partial product, simultaneously the addition of
the three of the sum output of the mantissa multiply-
ing means, the carry output and the partial product
generated and shifted at the step just before the
step so as to generate the new partial product, a
shift means for shifting in the least significant bit

direction by the number of the bits determined in
the position of the partial mantissa portion of the
multiplier and the multiplicand multiplied in the
mantissa multiplying means the partial product
obtained from the mantissa adding means at the
first or intermediate step of the processing, shifting
the operation result, normalizing them when the
operation results to be obtained from the mantissa
adding means are the disnormalized numbers at
the last step, a partial product retaining means for
retaining as the input in the mantissa adding means
of the next step the output of the shift means at the
first or intermediate step of the processing, a oper-
ation result inspecting means for inspecting the
respective bits of the shift overflow in the shift
means in the first or intermediate step of the
processing and a plurality of bits including the least
significant bits determined by the round precision of
the outputs of the shift means in the final step of the
processing so as to judge whether or not down to
the least significant bit to be determined by the
round precision in the output of the shift means in
the final step of the processing conforms with
respect to the product of the mantissa of the multi-
plicand rounded into the given precision and the
mantissa of the above described multiplier, whether
or not the carry to the upper from the inspected bit
conforms, but the inspected bit only does not con-
form, whether or not the carry to the upper from the
inspected bit, the bit of the upper bit from the
inspected bit do not conform, either, a round cor-
recting means for correcting one portion or all the
portions of the bit the operation result inspecting
means inspected with respect to the output of the
shift means, in the partial multiplicand selecting
means and the partial multiplier selecting means,
the portions of the mantissa portions of the multipli-
cand and the multiplier are selected in order from
the lower and all the combinations are selected,
and are input into the mantissa multiplying means,
the sum of three, the sum output to be obtained in
order, the carry output and the round addition value
from the round addition value generating means or
the value retained by the partial product retaining
means are obtained by the mantissa adding
means, the result is shifted by the shifting means,
are accommodated again in the partial product
retaining means or the final computation result is
normalized by the shifting means, thereafter the
processing is completed when the operation result
inspecting means has judged to conform with
respect to the mantissa of the product rounded to
the given precision as far as the the least significant
bit to be fixed by the round precision out of the out-
put of the normalized means, the partial or all the
corrections of the output of the shift means by the
above described round correcting means so as to
complete the processing when the operation results
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inspecting means has judged that the carrying to
the upper from the inspected bit conforms, but the
inspected bit only does not conform, the round
addition values are added so as to complete the
processing by the round adding value generating
mean and the mantissa addition means with
respect to the output of the shift means.

Embodiment (41) A multiplying apparatus of float-
ing point data with the features of embodiment 40,
wherein the addition of the sum output, the carry
output in the mantissa adding means of the final
step of the processing, and the value retained in the
partial product retaining means, and an normaliza-
tion in shifting means and an inspection in the oper-
ation result inspecting means are effected at one
machine cycle, the partial or all the corrections of
the inspected bits in the round correcting means
are further effected within the machine cycle when
the carrying into the upper from the inspection bit
conforms, with only the inspected bit does not con-
form as the results of the inspection, the addition of
the round addition value in the mantissa addition
means is effected through the insertion of the new
machine cycle after the machine cycle when the
carrying into the upper from the inspection bit does
not conform with the result of the inspection.
Embodiment (42) A multiplying apparatus of float-
ing point data with the features of embodiment 40,
wherein the addition value to be generated by the
round addition value generating means is a
numeral value with a bit having the weight of -24
power of 2 being 1, the other bit being 0 in the sin-
gle precision having the twenty-three places of the
decimals binary in the round precision and in the
latest even rounding toward plus mode when the
signs of the operation result is positive in the
directed rounding toward plus mode when the signs
of the computation result is negative in the directed
rounding toward minus mode in the above single
precision, a numerical values with a bit having the
weight of -53 power of 2 being 1, the other bits
being 0 in the double precision having down to fifty-
two places of the decimal binary in the round preci-
sion, and in the latest even round mode when the
signs of the operation result is positive in the
directed rounding toward plus mode and in the dou-
ble precision and the directed rounding toward plus
mode when the output signs are negative in the
directed rounding toward minus mode in the double
precision, a numerical value with all the bits being 0
except for the above description.
Embodiment (43) A multiplying apparatus of float-
ing point data with the features of embodiment 40,
wherein the round addition value to be generated
by the round addition value generating means is a
numerical value with a bit having the weight of -23
power of 2 being 1, the other bits being 0 in the sin-
gle precision having the twenty-three places of the

decimals binary in the round precision when the
signs of the operation result is positive in the
directed rounding toward plus mode or when the
signs of the operation result is negative in the
directed rounding toward minus mode in the single
precision, a numerical value with a bit having the
weight of -52 power of 2 being 1, the other bits
being 0 in the double precision having down to fifty-
two places of the decimal binary in the round preci-
sion, when the output signs are positive in the
directed rounding toward plus mode when the out-
put signs are negative in the directed rounding
toward minus mode in the double precision, a
numerical value with all the bits being 0 except for
the above description.

Embodiment (44) A multiplying apparatus of float-
ing point data with the features of embodiment 40,
wherein the round addition value to be generated
by the round addition value generating means is a
numerical value with a bit having the weight of -24
power of 2, and a bit having the weight smaller than
it being 1, the other bits being 0 in the single preci-
sion having the twenty-three places of the decimals
binary in the round precision when the signs of the
operation results are positive in the directed round-
ing toward plus mode when the signs of the opera-
tion results are negative in the directed rounding
toward minus mode in the single precision, a
numerical value with a bit having the weight of -53
power of 2, and a bit having the weight smaller that
it being 1, the other bits being 0 in the double preci-
sion having down to fifty-two places of the decimal
binary in the round precision when the signs of the
operation results are positive in the directed round-
ing toward plus mode when the output signs are
negative in the directed rounding toward minus
mode in the double precision, a numerical value
with all the bits being 0 except for the above
description.
Embodiment (45) A multiplying apparatus of float-
ing point data with the features of embodiment 40,
wherein an inspection bit by the computation
results inspecting means shows 3 bits having the
weights of -22 power of 2, -23 power of 2 and -24
power of 2, a 1 bit which has taken the logical or of
bit having the weight smaller than it at the single
precision having down to twenty-three places of
decimals binary in the round precision, 3 bits having
the weights of -51 power of 2, -52 power of 2 and -
53 power of 2, and a 1 bit which has took the logical
or of each bit having the weight smaller than it at the
double precision having down to fifty-two places of
decimals binary in the round precision.
Embodiment (46) A multiplying apparatus of float-
ing point data with the features of embodiment 40,
wherein a correcting bit by a correcting means is a
bit having the weight of - 23 of 2, a bit having the
weight the weights of -22 power of 2 and -23 power
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of 2 in the single precision having down to twenty-
three places of decimals binary in the round preci-
sion, a bit having the weight of -52 power of 2 or a
bit having the weights of -51 power of 2 and -52 of
2 in the double precision having down to fifty-two
places of decimals binary in the round precision.

Embodiment (47) A multiplying apparatus of the
floating point data comprising an exponent sub-
tracting means for obtaining a value smaller by 1
than a value with an exponent portion of the divisor
of the same floating point type from the exponent
portion of the dividend of the floating point type hav-
ing the biased exponent portion, a most significant
bit correcting means for inverting the most signifi-
cant bit of the output of the exponent adding
means, the subtraction of the two floating point data
exponent value and the biased correction are
effected at the same time so as to obtain the expo-
nent portion of the quotient of the floating point type
biased as in the dividend and the divisor.
Embodiment (48) A multiplying apparatus of the
floating point data comprising an exponent sub-
tracting means for obtaining a value smaller by 1
than a value with an exponent portion of the divisor
of the same floating point type from the exponent
portion of the dividend of the floating point type hav-
ing biased exponent portion, a most significant bit
correcting means for inverting the most significant
bit of the output of the exponent adding means, a
normalized exponent correcting means for adding,
subtracting the numbers equal to the shift bit num-
bers for normalizing the quotient where the man-
tissa portion of the multiplicand is divided by the
mantissa portion of the divisor with respect to the
output of the exponent subtracting inverted in the
most significant bit by the most significant bit cor-
recting means, an exceptional detecting means for
detecting the overflow and the underflow of the quo-
tient with the carry output showing the carry from
the most significant bit of the exponent subtracting
means and the output from the above described
normalized exponent correcting means, the sub-
traction of the exponent value of the two floating
point data and the biased correction are effected at
the same time so as to obtain the exponent portion
of the quotient of the floating point type biased as in
the multiplicand and the above described multiplier,
further the overflow and the underflow of the quo-
tient from the operation precision specified after the
normalization of the mantissa portion of the quo-
tient are detected.

Claims

1. A data processing method for subjecting two float-
ing point data to an arithmatic computation which
includes real mantissa subtraction which is the sub-
traction of the two floating point data of a same sign

or the addition of the two floating point data of differ-
ent signs, the two floating point data respectively
including first and second mantissas and first and
second exponents, wherein a difference between
the first and second exponents is 0 or 1, said
method comprising:

a first step of effecting a subtraction of the first
and second mantissas aligned to a same one
of the first and second exponents to obtain a
computation result; and,
a second step of either bit shifting the computa-
tion result to normalize the computation result
when the computation result is a denormalized
number, or adding a round addition value,
which is determined according to a predeter-
mined rounding precision and a predetermined
rounding mode, to the computation result when
the computation result is a normalized number
to complete the processing.

2. A data processing method as recited in claim 1,
wherein said first step is effected as a first data
processing step, and the second step is inserted as
a new data processing step after completion of said
first step.

3. An adding, subtracting apparatus of floating point
data comprising a round addition value generating
means for generating the round addition value
determined uniformly by the type of the operation
showing the either of the real mantissa addition
which is the addition of the same sign in the compu-
tation of the floating point data or the subtraction of
the different sign or the real mantissa subtraction
which is the subtraction of the same sign or the
addition of the different sign, the round precision,
the round mode, the sign of the computing result, a
mantissa addition, subtraction executing means for
simultaneously effecting the first, second mantissa
addition aligned to the same exponent at the real
mantissa addition, the addition of the above
described addition result and the round addition
value the above described round addition value
generating means generates, simultaneously
effecting the first, second mantissa subtraction
aligned to the same exponent at the real mantissa
subtraction, the addition of the above described
addition result and the round addition value the
above described round addition value generating
means generates, a normalization means for shift-
ing the above described computation result to effect
the normalizing when the computation result by the
above described mantissa addition, subtraction
executing means is a denormalized number, a com-
putation results inspecting means for inspecting a
plurality of bits including the least significant bit
fixed by the round precision from among the output
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of the above described normalization means so as
to judge whether or not the outputs of the above
described normalizing means down to the above
described least significant bit to be determined by
the round precision conforms with respect to the
real mantissa addition or the real mantissa subtrac-
tion of the first mantissa and the second mantissa
rounded to the given precision, whether or not the
carry into the upper from the inspected bits con-
forms, but the inspected bits only do not conform,
whether or not the carry into the upper from the
inspected bits, the bits to the upper from the
inspected bits do not conform, either, a round cor-
recting means for correcting one portion or all the
portions of the bits the above described computing
result inspecting means inspected with respect to
the output of the above described normalization
means.

4. An adding, subtracting apparatus of floating point
data described in accordance with the claim 3,
wherein an addition, subtraction of the first, second
mantissas and round addition values in the man-
tissa addition, subtraction executing means, a nor-
malization in the normalizing means and an
inspection in the operation result inspecting means
are effected at one machine cycle step, the partial
or all the corrections of the inspected bits in the
round correcting means are further effected within
the machine cycle when the carrying into the upper
from the inspection bit conforms, with only the
inspected bit does not conform as the results of the
inspection, the readdition of the round addition
value in the mantissa addition, subtraction execut-
ing means is effected through the insertion of the
new machine cycle after the machine cycle when
the carrying into the upper from the inspection bit
does not conform with the results of the inspection.

5. An adding, subtracting apparatus of floating point
data described in accordance with the claim 3,
wherein the round addition value to be generated
by the round addition value generating means is a
numeral value with a bit having the weight of -24
power of 2 being 1, the other bit being 0 when the
operation of the floating point data is the real man-
tissa addition, in the single precision having the
twenty-three places of the decimals binary in the
round precision and the latest even round mode
when the signs of the operation result is positive in
the directed rounding toward plus mode in the sin-
gle precision or when the signs of the operation
result is negative in the directed rounding toward
minus mode in the above single precision, a numer-
ical value with a bit having the weight of -53 power
of 2 being 1, the other bits being 0 in the double pre-
cision having down to fifty-two places of the decimal
binary in the round precision, and in the latest even

round mode or when the signs of the operation
result is directed rounding toward plus mode in the
double precision or the output signs are negative in
the directed rounding toward minus mode in the
double precision, a numerical value with a bit hav-
ing the weight of -25 power of 2 being 1, the other
bits being 0 when the operation of the floating point
data is at the real mantissa, in the latest even round
mode with the round precision being the single pre-
cision, or when the signs of the operation result is
positive in the directed rounding toward plus mode
with the single precision and the signs of the opera-
tion results are negative in the directed rounding
toward minus mode with the single precision, a
numerical value with a bit the weight of -54 power of
2 being 1, the other bits being 0 when the round
precision is the double precision and in the latest
even round mode or when the signs of the opera-
tion result is positive in the directed rounding toward
plus mode with the double precision or the signs of
the operation result is negative in the directed
rounding toward minus mode with the double preci-
sion, a numeral value with all the bits being 0 at the
time except for the above description.

6. An adding, subtracting apparatus of floating point
data described in accordance with the claim 3,
wherein the round addition values to be generated
by the round addition value generating means are a
numeral value with a bit having the weight of -23
power of 2 being 1, the other bits being 0 when the
operation of the floating point data is the real man-
tissa addition, when the signs of the operation
result is positive in the directed rounding toward
plus mode in the single precision having the twenty-
three places of the decimals binary in the round
precision or when the signs of the operation results
are negative in the directed rounding toward minus
mode in the single precision, a numerical value with
a bit having the weight of -52 power of 2 being 1, the
other bit being 0 when the signs of the operation
result is positive in the directed rounding toward
plus mode with the double precision having down to
fifty-two places of the decimal binary in the round
precision, and the output signs are negative in the
directed rounding toward minus mode in the double
precision, a numerical value with a bit having the
weight of -24 power of 2, the other bits being 0
when the operation of the floating point data is at
the real mantissa subtraction, when the signs of the
operation results are positive in the directed round-
ing toward plus mode with the round precision
being the single precision, or when the signs of the
operation result is negative in the directed rounding
toward minus mode with the single precision, a
numerical value with a bit having the weight of -53
power of 2 being 1 and the other bits being 0, when
the signs of the operation result is positive in the
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directed rounding toward plus mode with the round
precision being the double precision or when the
output signs are negative in the directed rounding
toward minus mode with the double precision, all
the bits are 0 in numeral value at the time except for
the above description.

7. An adding, subtracting apparatus of floating point
data described in accordance with the claim 3,
wherein the round addition value for generating the
round addition value generating means is a numer-
ical value with a bit having the weight of -24 power
of 2 and a bit having the weight smaller than it being
1, the other bit being 0 when the operation of the
floating point data is the real mantissa addition,
when the signs of the operation results are positive
in the directed rounding toward plus mode and the
single precision having the twenty-three places of
the decimals binary in the round precision or when
the signs of the operation result is negative in the
directed rounding toward minus mode and in the
above single precision, a numerical value with a bit
having the weight -53 power of 2 and a bit having
the weight smaller than it being 1, the other bits
being 0 when the operation of the floating point data
is the real mantissa subtraction, when the signs of
the operation result is positive in the directed round-
ing toward plus mode and in the double precision
having down to fifty-two places of the decimal
binary in the round precision, or when the output
signs are negative in the directed rounding toward
minus mode in the double precision, a numerical
value with a bit having the weight of -25 power of 2
and a bit having the weight smaller than it being 1,
the other bits being 0 when the operation of the
floating point data is the real mantissa subtraction
when the signs of the operation results are positive
in the directed rounding towards plus mode in the
single precision, or when the signs of the operation
result is negative in the directed rounding toward
minus mode in the single precision, a numerical
value with a bit having the weight of -54 power of 2,
and a bit having the weight smaller than it being 1,
the other bits being 0 when the signs of the opera-
tion result is positive in the directed rounding toward
plus mode with the round precision being the dou-
ble precision, or when the output signs are negative
in the directed rounding toward minus mode in the
double precision, all the bits are 0 in numeral value
at the time except for the above description.

8. An adding, subtracting apparatus of floating point
data described in accordance with the claim 3,
wherein an inspection bit by the operation result
inspecting means show 3 bits having the weights of
-22 power of 2, -23 power of 2 and -24 power of 2,
and a 1 bit which has took the logical or of bit having
the weight smaller than it when the operation of the

floating point data is in the real mantissa addition,
and the round precision is at the single precision
having down to twenty-three places of decimals
binary in the round precision, 3 bits having the
weights of -51 power of 2, -52 power of 2, and -53
power of 2, and a 1 bit which has took the logical or
of bit having the weight smaller than it when the
operation of the floating point data is in the real
mantissa addition, and the round precision is at the
double precision having down to fifty-two places of
decimals binary in the round precision, 3 bits having
the weights of -23 power of 2, -24 power of 2 and -
25 power of 2, and a 1 bit which has took the logical
or of bit having the weight smaller than it at the real
mantissa addition, and at the single precision, 3 bits
having the weights of -52 power of 2, -53 power of 2
and -54 power of 2, and a 1 bit which has took the
logical or of each bit having the weight smaller than
it at the real mantissa subtraction, and at the double
precision.

9. An adding, subtracting apparatus of floating point
data described in the accordance with the claim 4,
wherein a correcting bit by a correcting means is a
bit having the weight of - 23 power of 2 or a bit hav-
ing the weights of -22 power of two and -23 power
of 2 in the single precision having down to twenty-
three places of decimals binary in the round preci-
sion, a bit having the weight of -52 power of 2 or a
bit having the weights of -51 power of 2 and -52
power of 2 in the double precision having down to
fifty-second places of decimals binary in the round
precision.

10. An addition, subtraction apparatus of the floating
point data comprising a mantissa subtraction exe-
cuting means for effecting the subtraction of the
first, second mantissas aligned to the same expo-
nent, a normalization means for shifting the opera-
tion result so as to effect the normalization when
the computation result by the mantissa subtraction
executing means are the denormalized number, a
round addition means for adding the round addition
values determined uniformly by the round precision
and the round mode with respect to the operation
result when the operation result by the mantissa
subtraction executing means are normalized num-
bers, when the operation of the floating point data is
in the real mantissa subtraction which is at the sub-
traction of the same signs or at the addition of the
different signs and the exponent difference of the
floating point data is 0 or 1, one processing of the
normalizing and the rounding is effected with
respect to the operation result.

11. An addition, subtraction apparatus of the floating
point data described in accordance with the claim
10, where the subtraction of the first, second man-
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tissas in the mantissa subtraction executing means
is effected in one machine cycle, the normalization
in the normalizing means or the addition of the
round addition values in the round adding means is
effected through the insertion of the new machine
cycle after the machine cycle completion.
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